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ABSTRACT 
VARIABILITY IN THE DEBITAGE OF THE EARLY HOLOCENE LITHIC 
ASSEMBLAGES OF THE SANDERS (45KT315) SITE  
 
by 
Alexis Kaye Dyson 
March 2018 
 
 This thesis applies an analytic strategy based on a Darwinian evolutionary 
theoretical framework to measure variation in the cost and performance of stone tool 
manufacture and use at the Sanders (45KT315) site over time. Using this model, this 
thesis identified the selective conditions present in the technological organization of stone 
tool assemblages at the Sanders site. These conditions were identified by measuring 
variability in the debitage using mutually exclusive paradigmatic classifications. The 
classifications measure technological, functional, and raw tool stone material property 
dimensions. This thesis identifies the extent that debitage could be used to address 
variability between the Lower Lithic Component (LLC) and the Middle Lithic 
Component (MLC). The results of the analysis were compared to expectations 
established by previous research. Directional changes in reduction stages, material type, 
presence of use wear, and the utilization of thermal alteration are apparent from the LLC 
to the MLC. Variability between the LLC and the MLC components of the Sanders site 
indicate a subtle directional change from emphasis on initial reduction to intermediate 
reduction, potentially due to changes in earlier quarrying activities at the Sanders site. 
Overall, the presence of high quality stone tool raw materials, specifically cherts, is 
higher within the MLC compared to the LLC. These changes in raw tool stone material 
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property dimensions appear to be directly correlated to lower frequencies in the use of 
thermal alteration. Changes in available resources may be due to changing Climatic and 
environmental conditions for the Southern Columbia Plateau. Use Wear patterns remain 
relatively stable between the two Lithic Components. 
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CHAPTER I 
INTRODUCTION 
Two lithic technologies of great interest in the Columbia Plateau region are the 
Windust Lithic Technology (WLT) ( ca. 10,000-8000 BP), a regional variant of the 
Western Stemmed Tradition (WST) (Ames et al. 1998, 2010; Barrack 2013; Beck and 
Jones 2010; Bense 1972; Chatters et al. 2012; Davis et al. 2014; Daugherty 1953; Galm 
et al. 2013; Grabert 1968; Jenkins et al. 2012; Leonhardy 1970; Leonhardy and Rice 
1970;  Muto 1976; Newman 1966; Rice 1965; Willig et al.1988) and the Cascade Lithic 
Technology (CLT) (ca. 8000-4000 BP), a regional variant of the Old Cordilleran 
Tradition (OCT) (Andrefsky 1995; Butler 1961; Chatters et al. 2012;  Muto 1976;  
Newman 1966).  Recently, a number of studies have focused on these two, apparently 
distinct lithic technologies. Researchers have only just begun to compare the two lithic 
traditions to determine how changes in technology might reflect different subsistence and 
settlement strategies (Chatters et al. 2012; Chatters and Prentiss 2005). While analysis of 
either of the WLT or the CLT will most likely be a focus for research in the Columbia 
Plateau for decades to come, there are a number of currently known differences between 
the two lithic traditions. 
 Founding studies, which compare the WLT and CLT, are based on observations 
of lithic technologies made up primarily of formal tools (Ames et al. 1998; Chatters et al. 
2012; Chatters and Prentiss 2005). In general, the WLT toolkit is considered more 
diverse, complex, and heavily curated with high levels of planning depth (Ames et al. 
2010, Chatters et al. 2012). This means that the creation and utilization of formal tools 
was a large aspect of the lithic assemblage, with higher rates of resharpening and 
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exhaustive use. In comparison, the CLT is considered much more rough-hewn and 
lacking in planning depth (Chatters et al. 2012, Chatters and Prentiss 2005). This means 
that the CLT’s use of formal tools is much less exhaustive, with reduced rates of 
resharpening and curation. There is also a much higher frequency in the use of expedient 
tools like utilized flakes, which require fewer steps to manufacture and have a shorter 
use-life. These two technology types, referred to as curated (WLT) and expedient (CLT), 
are typically associated with different social mobility and subsistence strategies (Binford 
1980). The specifics of these mobility and subsistence strategies, as well as the individual 
components of the WLT and the CLT are discussed in much greater detail in the 
Literature Review section below.  
Problem 
In order to determine whether debitage has the potential to describe the 
technological and functional differences between the WLT and CLT, this thesis attempts 
an in-depth analysis of the Lower (possible WLT) and Lower Middle (possible CLT age) 
debitage assemblages of the Sanders site (45KT315) using mutually exclusive 
classifications. The term debitage refers to all of the waste by-products that result during 
the manufacture and curative processes of stone tool manufacture (Andrefsky 2005). As 
the by-product of stone tool productions, debitage has the unique ability to account for 
each step of the manufacture process that occurs in any given site. This can include such 
technological processes as heat treatment or demonstrate other types of modification. 
Debitage is also able to identify functional components of an assemblage as they can 
display use wear patterns. A greater discussion of the data potential of debitage is 
outlined in the Method section below. To understand all aspects of the lithic reduction 
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trajectory when comparing WLT to CLT, debitage must fully be included within the 
analysis. In the future, there must be fuller studies of reduction sequences of as many 
WLT and CLT sites as possible. These studies would require detailed classifications of 
debitage samples that may provide a way to differentiate quarry, workshop, and tool use 
and maintenance activities that take place at both WLT and CLT sites.  
Among the previous lithic analyses that have been conducted on the Sanders lithic 
assemblage, there was a second analysis that also utilized similar mutually exclusive 
classifications as those used within this thesis (Garrison 2015). His thesis focused upon 
the complete collection of projectile points, formed tools, and formed tool fragments that 
were recovered from the Sanders site. A review of the literature shows that this tendency 
to focus primarily on formed tools is not an unusual practice in lithic analysis, reflected in 
many early and contemporaneous research conducted within the region (Ames et al. 
2010; Beck and Jones 2010; Bense 1972; Butler 1961; Chatters et al. 2012; Daugherty 
1953; Grabert 1968; Jenkins et al. 2012; Leonhardy and Rice 1970; Newman 1966; 
Willig et al. 1988). While these analyses are valuable contributions to our knowledge of 
pre-contact populations within the Columbia Plateau region, the debitage component of 
the lithic record has been largely overlooked (Newman 1966, Leonhardy and Rice 1970, 
Rice 1965, Rice 1972) or simply ignored (Butler 1961, Daugherty 1953, Grabert 1968).  
Occasionally, utilized flakes are accounted for in formal lithic analysis, but the 
data potential of debitage remains largely unknown (Barrack 2013; Chatters et al. 2012; 
Davis 2014; Dunnell et al. 1976; Hicks 2004; Muto 1976). Debitage is an important 
aspect of the archaeological record for various reasons. First, unlike with formal tools, 
debitage is by far the most plentiful component of the lithic record, meaning sample sizes 
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are rarely an issue. Secondly, it records the stone tool manufacture process as well as the 
types of stone tool utilization behaviors through use wear on the surfaces and edges of an 
artifact. The degree of variation of manufacture processes and use wear patterns on 
debitage, or lack thereof, between two lithic traditions such as WLT and CLT may be 
used to identify the differences in the selective conditions (e.g., raw material availability 
or quality, environmental differences, changes in populations), if any, through which one 
technology transitions to another.  
Purpose 
 The purpose of this thesis is twofold. First, this thesis seeks to identify the degree 
with which lithic debitage analysis can be used to detect changes within the WLT and 
CLT transition as it now stands through a Darwinian evolutionary theoretical lens 
(Dunnell 1978). Secondly, I seek to address the following question: What are the 
selective conditions under which technological organization changes over time?  
Knowing the selective conditions under which stone tools are manufactured and utilized, 
the mechanisms that drive the observed changes are better understood. A full analysis of 
debitage using an evolutionary theoretical framework has yet to be used for the 
comparison of WLT to CLT. This purpose will be accomplished using the following five 
objectives. 
  
Objective one is to establish theoretically informed expectations for lithic 
technological and functional characteristics of debitage.  This objective identifies two 
series of expectations for the Sanders debitage assemblage. First, it establishes the 
expectations of the debitage associated with the WLT to CLT based on previous research 
(Andrefsky 2005, Chatters et al. 2012, Sullivan and Rozen 1985). Secondly, it establishes 
5 
 
what would be expected given different manufacture and lithic reduction activities 
(Andrefsky 2005, Sullivan and Rozen 1985). It is crucial to understand these expectations 
to understand if the Sanders site assemblages not only exhibit expected differences 
between the WLT and CLT, but to further determine if there is evidence of WLT 
presence beyond a fragmented point at the site. 
Objective two is to adopt McCutcheon’s (1997) cost and performance model for 
the measurement of variation within the Sanders debitage components that will allow for 
the identification of the selective conditions that result in CLT from WLT. In order to 
compare WLT from CLT, the analysis of the technological and functional dimensions of 
the Sanders lithic assemblage was divided into two components based on the available 
radiocarbon dates of the Sanders assemblage. These two components are referenced as 
the Lower Lithic Component (LLC) and Middle Lithic Component (MLC). The model is 
discussed in greater detail in the literature review section of this thesis. To greater relate 
to other lithic analyses from the site and region, a discussion of the forager/collector 
mobility model utilized in the Garrison 2015 Master’s thesis was also included. An 
attempt to synthesize and relate the two models was also included in the Literature 
Review section. 
Objective three is to apply a classification for measuring cost and performance 
that will generate data that is comparable to other studies.  For my analysis, I used three 
separate and mutually exclusive classifications which were capable of generating the data 
I needed for my research. These include a Technological, Use Wear (Function), and Rock 
Physical Property classifications. The technological classification documented all of the 
manufacture traits present throughout the Sanders debitage assemblage and helped 
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outline whether there is a statistically significant shift over time. The use wear 
classification recorded the functional components of the debitage as it isolated and 
allowed for the recordation of the different aspects of use wear patterns in the debitage 
assemblage.  The rock material classification is present to document if the tool stone raw 
materials in the assemblage are indeed consistent over time.  
Objective four is to statistically compare the frequency distributions that were 
recorded in objective two. The data collected in the lithic analysis of the Sanders debitage 
is known as nominal or categorical data (McGrew and Monroe 2000). In a comparison of 
two different assemblages across various classification dimensions with categorical data, 
the Chi-square goodness-of-fit test was determined to be the best statistical test for 
analysis. However, Chi-square can have some restrictions associated with small sample 
sizes. As a way to circumvent these limitations, a log-likelihood goodness of fit test was 
then utilized for some comparisons not suited for Chi-square analysis. In the event of a 
reasonable sample size, a log-likelihood (g-test) and a chi-square test will lead to the 
same result (McDonald 2014). In the event of a rejection of the null hypothesis, which 
indicates a statistically significant difference between two samples, an analysis of 
Adjusted Residuals was then pursued to identify the specific interactions which 
contribute the most heavily to the final rejection.  A Cramer’s V test, which was 
developed to identify the strength of association between two populations, was the last 
test ran. An in-depth explanation of this process is detailed in the Method section below.  
Objective five is to take the statistical results from the Sanders assemblage 
analysis and interpret them. These interpretations were derived from observed 
statistically significant changes between the WLT and CLT of Sanders, as well as 
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comparisons with the expectations established in objective one. To further put functional 
and technological frequencies observed at the Sanders site into a regional context, 
comparisons were then made to the frequencies observed in the sites that were excavated 
as part of several Central Washington University’s Saddle Mountain field schools 
(McCutcheon et al. 2008). Several of these sites were determined to demonstrate 
frequencies associated with quarry site activities. Any similarities between the Saddle 
Mountain sites and Sanders site frequencies were then used to determine potential quarry 
activity as well. After conclusions of the Sanders assemblage are established, future 
recommendations for research on the lithic assemblage as well as the entire 
archaeological collection of the Sanders site were made. Future research 
recommendations are also provided for the the lithic assemblages of the YTC with the 
intention to create known regional debitage expectations. 
Significance 
 In conjunction with the other analyses done on the Sanders archaeological 
collection, (Garrison 2015) this research has the potential to identify one method that may 
be pursued to assess the effectiveness of debitage as a means of identifying any change in 
the organization of lithic industry over time (e.g., Kassa and McCutcheon 2016). In 
identifying the selective conditions that result in the CLT from the WLT using debitage, 
this research may provide the basis for regionally focused research with similarly aged 
lithic assemblages. Specifically, it will provide an example on how a Darwinian 
evolutionary theoretical framework may be utilized in debitage analysis to contribute to a 
larger regional body of knowledge by creating a baseline for debitage expectations near 
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raw material sources. This, in turn, may provide new insights into the manufacturing 
process of stone tools for the region and as a part of larger lithic technological sequences.  
 Chapter II, the Literature Review, outlines the current body of research that 
surrounds the first two main objectives this thesis seeks to achieve by the project’s end. 
This includes the characteristics of past and modern understandings of the WLT and the 
CLT, the current state of past and contemporaneous lithic analysis of the WLT and CLT 
within the Columbia Plateau, among other vital components of this research project. The 
third chapter covers the Study Area and will establish the environmental, cultural, and 
historical context that this thesis project exists within. Following that chapter is the 
Method and Technique section. It is within this section that the basis and the means for 
accomplishing the third and fourth objectives are discussed in greater detail. The Results 
section follows next and outlines the full statistical data that was produced and analyzed 
within this thesis project. The final chapter covers the conclusions derived from the 
statistical analysis and provides future research recommendations. 
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CHAPTER II 
LITERATURE REVIEW 
To truly understand the expectations for the debitage associated with the WLT 
and the CLT, which may both potentially occur within the Lower Lithic Component 
(LLC) and the Middle Lithic Component (MLC) respectively at the Sanders site, a clear 
understanding of the standards for lithic analysis in regards to the WST and the OCT 
within the Columbia Plateau must be established. A concrete understanding of the full 
composition of the WLT and CLT must also be made clear. To establish this 
understanding, the first Objective covers four separate, but linked topics of research that 
are discussed below. To accomplish objective two, a full discussion of McCutcheon’s 
(1997) cost and performance model is also outlined below, followed by a discussion of 
the forager/collector mobility model and associated expectations of the lithic assemblage. 
Objective 1: Expectations for WLT and CLT 
Lithic Analysis in the Columbia Plateau. People have remained fascinated and 
intrigued by early prehistoric peoples within the Columbia Plateau for over 60 years 
(Ames et al. 2010; Barrack 2013; Beck and Jones 2010; Chatters et al. 2012; Davis et al. 
2014; Daugherty 1953; Galm et al. 2013; Grabert 1968; Jenkins et al. 2012; Leonhardy 
and Rice 1970;  Muto 1976; Newman 1966; Rice 1965; Willig et al.1988) Archaeologists 
of the region have utilized every artifact type at their disposal, including some debitage, 
to address behavior and lifestyle choices of WLT and CLT prehistoric populations. These 
include everything from faunal and botanical remains to even geographical placements of 
habitation sites. However, when looking at the earliest populations within this region of 
the United States, which have been noted to date to over 14,000 years ago (Jenkins et al. 
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2012), lithic debitage represents the most commonly found and plentiful artifact type 
recovered. 
While there are numerous reports published on early archaeological sites within 
the region that use lithic analysis (Ames et al. 2010; Barrack 2013; Butler 1961; Beck and 
Jones 2010; Chatters et al. 2012; Davis 2014; Daugherty 1953; Grabert 1968; Jenkins et 
al. 2012; Leonhardy and Rice 1970; Muto 1976; Newman 1966; Willig et al. 1988), there 
is very little consistency in the methods and techniques utilized. Despite this lack of 
uniformity within the actual lithic analysis methods and techniques, there are a few 
factors that do tend to be rather consistent. For example, most studies are biased towards 
projectile point and formed tool analyses (Ames et al. 2010; Butler 1961; Beck and Jones 
2010; Chatters et al. 2012; Daugherty 1953; Grabert 1968; Jenkins et al. 2012; Leonhardy 
and Rice 1970; Newman 1966; Willig et al. 1988). In comparison, debitage has rarely 
received the same consistent treatment that projectile points typically receive.  Most 
comparisons made between the WLT and the CLT were focused solely on the projectile 
points and formed tools (Rice 1965; Rice 1972; Rousseau 1993; Grabert 1974; Andrefsky 
1995; Craven 2003; Hicks 2004). When you look at the definitions of WLT or CLT, they 
were originally defined by the characteristics of the projectile points and formed tools 
that have been recovered at various sites throughout the region (Butler 1961; Newman 
1966; Leonhardy and Rice 1970).  
Due to formed tool biases, debitage is often overlooked. The term debitage refers 
to all of the waste by-products that result during the manufacture process of stone tools. 
These include flakes, modified flakes, blades, cores, spalls, and flake fragments 
(Andrefsky 2001). Within some of the earliest CRM and academic related excavations 
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and research, this category of artifact was often completely ignored and never mentioned 
in the reports (Butler 1961; Daugherty 1953; Grabert 1968). In these instances, after 
excavation, the debitage tended to be ignored. In a few rare cases, the researchers would 
only reference the presence of utilized flakes, but no further analysis was conducted 
(Newman 1966; Leonhardy and Rice 1970; Rice 1965; Rice 1972). Rarer still are the 
researchers that not only included debitage in their reports, but actually conducted 
analysis on them to help draw their conclusions (Davis 2012; Davis et al. 2014; Ferry 
2015; Hicks 2004; Kassa and McCutcheon 2016; Lewis 2015; Muto 1976; Parfitt and 
McCutcheon 2017). 
 Another consistent focus of analysis in lithics is the identification of the type of 
raw stone tool material used. There are differing degrees to the amount of detail or 
characteristics recorded about these materials. There is a predominant lack of analysis 
that focuses not only on the raw material itself, but the materials attributes as well. The 
properties of raw stone material play a major role in technological or functional tool types 
(McCutcheon 1997), so studies that analyze these attributes should be further explored. In 
their report, McCutcheon and Dunnell (1998) explored the rock physical properties of the 
Crowley’s Ridge stone materials utilizing a mutually exclusive paradigmatic 
classification. They note that the physical attributes of stone material allow for the 
classification and organization of artifacts in regards to their fracture toughness and the 
predictability of the fractures produced during mechanical behavior. Fracture or crack 
production is largely effected by the particle shapes, sizes, and distribution within a stone 
matrix (McCutcheon and Dunnell 1998). As they put it in their report, “in most materials, 
cracks propagate around particles, increasing the surface area of the crack and thus the 
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applied force necessary to produce and sustain a crack (McCutcheon and Dunnell 1998: 
262).” They developed and utilized a paradigmatic classification system which focused 
on groundmass, presence of inclusions, and the distribution of inclusion. Through their 
analysis, they were able to determine that orthoquartzites were universally not favored 
and material which demonstrated void inclusions apparently was avoided within the 
Crowley Ridge stone materials (McCutcheon and Dunnell 1998). 
Windust Lithic Tradition (WLT) and Cascade Lithic Tradition (CLT). The WLT, a 
local variant of the Western Stemmed Tradition (WST), was originally defined by 
Leonhardy and Rice (1970) in the Snake River region. They outlined the technological 
characteristics associated with WLT and outlined how they are different from other lithic 
technologies. The WLT projectile point is described as having a relatively small length 
blade, linear or contracting stems, shoulders of variable width, and straight or slightly 
concave bases. Knives are typically a large lanceolate or oval shape and crudely made, 
while unifacial and bifacial lanceolate points occur, but rarely. They also describe the end 
scrapers as large and mostly unformed in shape and cobbles are unifacial or bifacial 
choppers. The bone tools present are fairly rare, but include needles, atlatl spurs, awls, 
and fragments of long bone splinters. Of all of its components, WLT utilized flakes 
represent the largest aspect of the artifact assemblage and contain the greatest variety 
(Leonhardy and Rice 1970).  
The CLT, as a local variant of the Old Cordilleran Tradition (OCT), was originally 
outlined and defined by Butler (1961) in his report. The OCT projectile point is described 
as being leaf-like, narrow, and usually lacking in basal thinning. A second projectile point 
is associated with the latter half of the OCT (aka Late Cascade), that of the Cold Springs 
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side notched point, which occurs in conjunction with the typical leaf-shaped points. The 
knives in this phase are usually well-made and lanceolate or triangular in shape while 
scrapers tend to be keeled or tabular in nature. Cobble tools include large scraper-like 
implements, pounding tools, small grinding stones, manos, and a unique tool to this 
phase, the edge-ground cobble. Bone tools include atlatl spurs, splinter awls, split 
metapodial awls, and bone splinter fragments. The OCT utilized flakes are once again 
listed as the largest and most varied components of this technological phase (Butler 
1961).  
In his report on Cascadia Cave, Newman (1966) introduced the term for the local 
variant of OCT as Cascade. The points and formed tools of CLT are considered to be of 
the same descriptions as the OCT, though variation does exist in the archaeological 
record. As noted in the definitions of both WLT and CLT, the focus is predominantly on 
the projectile points and formed tools, though utilized flakes are indeed noted and 
included, if vaguely. Chatters et al. (2012), combined with recent analysis coming out of 
the Columbia Plateau, specifically the Lower Salmon River Valley from the Cooper’s 
Ferry site is making strides to redefine the variation displayed in WLT and CLT debitage 
(Davis et al.  2014). 
Curated versus Expedient Toolkits. Chatters et al. (2012) address the many 
avenues of research to analyze possible reasons for the transition from the Western 
Stemmed Tradition (WST) to the Old Cordilleran Tradition (OCT) in their article. They 
set the stage by outlining clearly the various major climatic shifts that occurred within the 
Pacific Northwest over the last 17,000 years (Waitt and Thorsen 1983). Deglaciation led 
to rising ocean levels and increased land exposure (Clague 1981).  All dates listed within 
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this thesis will be uncalibrated. Rising temperatures began a general warming trend in the 
region until about 7000 BP, going from conifer woodlands to shrub-steppe, creating a 
shift of available resources to the prehistoric populations which inhabited the region 
(Barnosky et al. 1987). These findings are further substantiated by Walsh et al. (2015), 
which notes a warming trend after about 10,000 BP to 8000 BP that is marked by more 
lodgepole dominated forests and shrub-steppe. 
Within this changing environment, Chatters et al. make the argument that the 
change from WST to OCT encompasses all forms of human behavior. This ranges from 
land use, settlement patterns, mobility strategies, technological content, planning depth, 
and complexity, as well as active and inactive styles (Chatters et al. 2012). On top of 
these behavioral changes, differences in the craniofacial morphology and mortuary 
practices are all cited as evidence for an ethnic replacement event within the Pacific 
Northwest, though they do also offer alternative explanation for such changes, such as the 
increase of aridity within the region between 9500 and 9000 BP. 
WST lithic tool kits go from largely diverse, complex technological assemblages 
with extensive planning depth to a much cruder, simplistic tool kit with a focus in cobble 
tools and a marked lack of planning depth in the OCT assemblage. Conversely, resource 
processing goes from a relatively limited, simple scope in the WST to a broader, more 
complex set up within the OCT.  
With all of these significant shifts in so many aspects of human behavior and 
morphology between WST and OCT populations, Chatters et al. (2012) make the 
argument that ethnic replacement is the most likely explanation. They acknowledge that 
other explanations may be combined together to account for the differences between 
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these two populations, however, an ethnic replacement of WST by OCT populations 
accounts for all changes as one phenomena. The types of changes also fit with what one 
would expect to see in the replacement of one ethnic group by another in the same area, it 
is argued. 
 It is noted that their comparison of the WST and OCT did not solely focus on 
projectile points and formed tools, but also included utilized flakes and general debitage 
analysis between WST and OCT lithic assemblages.  Chatters et al. (2012) compared an 
extensive list of both WST and OCT lithic assemblages. The list of the WST lithic 
assemblages considered for their work included a total of 27 sites across the Pacific 
Northwest. The list of the OCT lithic assemblages considered for their work included 30 
sites across the Pacific Northwest.  The WST formal tool exhibit more extensive 
retouching and utilization than OCT formal tools, with many points reworked down to 
stubs at the haft. WST utilized flakes also demonstrate higher rates of use wear and 
retouching in comparison to the later OCT debitage, however it is not clear how this 
conclusion was derived from the article; that is, there was no detailed debitage analysis 
presented. A more extensive analysis of WST and OCT debitage would potentially 
provide new insights into this technological transition.  
 Based on these analyses, there are a number of expectations of the traits that 
should be present within the Sander’s WLT and the CLT debitage. The WLT is described 
as having a more heavily curated toolkit. This implies the presence, creation, and 
utilization of formal tools at greater rates. According to Andrefsky (2005), curated 
toolkits require much greater cost of production through more steps that follows specific 
manufacture processes. These steps of manufacture become less flexible as you start 
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down any one particular trajectory of production. The number of workable outcomes 
become more limited the further into the manufacture process trajectory you go. In this 
process, one of the key forms of debitage created is what is known as a bifacial reduction 
or thinning flake. They are typified by faceted, narrow, and lipped platforms with a small 
or diffuse bulb of percussion (Andrefsky 2005). Sullivan and Rozen (1985) also 
determined in their research that sites with evidence of the production of curated tools 
tended to demonstrate higher rates of broken flakes and flake fragments. Utilized flakes 
would also demonstrate a higher retouch rate as expedient tool types within a curated 
toolkit tend to be reused and recycled to a greater extent. As for use wear patterns, WLT 
tools were typically multifunctional (Andrefsky 2005). As such, it would be expected that 
there could be higher frequencies of multiple use wear pattern types present on the same 
artifact within a curated tool type. 
 In comparison, the CLT toolkit is much less complicated and demonstrates higher 
rates of expedient tools. The cost of manufacture associated with this manner of informal 
tool is less than that of curated tools as there are typically less steps involved. However, 
the level of waste is typically higher (Andrefsky 2005). In this case, higher rates of 
utilized flakes without any other form of modification would be expected. Retouching of 
expedient or formal tools is not expected in any significant frequencies. What is expected 
is a higher variability in the informal tool shapes and sizes. Sullivan and Rozen (1985) 
also determined that sites of expedient tool production tend to exhibit higher frequencies 
of complete flakes and debris, which would fall in line with the idea that there would be 
higher waste associated with this type of manufacture process. Additionally, while 
resource utilization diversified greatly, Chatters et al. (2012) did find evidence that tool 
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use became more specialized. This means that the CLT patterns of use wear would be 
expected to demonstrate higher frequencies single use wear patterns on an artifact. Table 
1 outlines clearly the differences expected between a curated and an expedient toolkit 
(Andrefsky 2005; Chatters et al. 2012; Nelson 1991; Sullivan and Rozen 1985). 
Andrefsky (2005) identified the quality and physical properties associated with a raw 
stone tool material have been demonstrated to play an important factor associated with 
the types of tools produced.  
 
Table 1. Curated versus Expedient Debitage expectations adapted from Andrefsky 2005; 
Chatters et al. 2012; Nelson 1991; and Sullivan and Rozen 1985.  
 
Quarry Identification. It is important to establish an expectation of how quarrying 
activity might be recognized within debitage and how it may affect debitage frequencies 
because the Sanders site is near a tool stone raw material source. Bensen et al. (1989) 
defined a quarry as a site that has the presence of lithic raw materials, cores, and all 
stages of the manufacture process represented. Chatters’ (1980) definition of a quarry as a 
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location lacks the presence of hopper mortar bases and rock cairns, contains flakes from 
more than one core, less than one percent of artifacts demonstrate worn or retouched 
edges, and a natural outcrop (interbed) is present. The presence of early stage reductions 
are also frequently cited as being associated with quarry sites (Flenniken and Ozbun 
1993), along with a disproportionate amount of debris to flakes (Speth 1974). 
Over several field seasons (1998 – 2005, 2008), the Central Washington 
University ran a field school within the Saddle Mountains. Subsurface excavation of two 
of these sites (98-12-11 and 98-12-12) located on interbeds were undertaken to assess if 
the lithic assemblage would also meet the expectations of a quarry site (McCutcheon et 
al. 2008). The 98-12-12 site was analyzed first, with the 98-12-11 site later used for 
comparison. Of the two assemblages, 98-12-12 was determined to be less fragmented and 
more representative statistically than 98-12-11 was. This may be in part due to the fact 
that 835 artifacts were recovered from 98-12-12 and only 139 artifacts were recovered 
from 98-12-11. Due to the limited sample size of 98-12-11, a decision was made to 
concentrate all analysis on only Object Types and Reduction. Frequencies of cores 
(~3%), debris (~1.3%), and complete flakes (20%) were similar across the two sites, but 
98-12-12 has a notably higher frequency of broken flakes (36%) and less fragmentary 
flakes (43%) than 98-12-11 (McCutcheon et al. 2008). Debris was screen sorted, 
weighed, and then discarded during excavation. At the 98-12-12 site, the assemblage falls 
predominantly within the Intermediate reduction classification at 62 %. This is followed 
by both Initial and Terminal, who make up 20% and 15% of the assemblage respectively. 
The smallest reductive class by a decent margin was that of the Bifacial Thinning Flake 
at only 3 % of the total assemblage (McCutcheon et al. 2008). 
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Aside from the debris, both the 98-12-11 and the 98-12-12 sites appear to meet 
the expected characteristics that define a quarry of the variables that were analyzed. They 
are near or “on” (within 50 meters) of an interbed, which provides raw stone tool 
material. The frequencies of the first stages of reduction account for the vast majority of 
the debitage assemblage, accounting for 82% of the total combined. In comparison, the 
latter reductive stages only account for 18% of the assemblage. There were also a number 
of cores recovered. The assemblages were not analyzed for the presence of wear and 
there was no evidence of the presence of any hopper mortar bases or rock cairns 
(McCutcheon 2008). It will be important to compare the observed frequencies at the 
Saddle Mountain sites to those of the Sanders site to help determine if Sanders meets the 
definition of a quarry site and if so, to what extent were those activities consistent 
between the Lower Lithic Component (LLC) and the Middle Lithic Component (MLC). 
Objective Two: Implement Cost and Performance Model 
McCutcheon’s (1997) Cost and Performance Model. A number of studies within 
the Pacific Northwest have been utilizing a paradigmatic classification to document 
subtle differences in variation present within stone tool traditions (Dancey 1973; Dunnell 
and Lewarch 1974; Ferry 2015; Kassa and McCutcheon 2016; Lewis 2015; Parfitt and 
McCutcheon 2017; Vaughn 2010). McCutcheon (1997) utilized a Darwinian evolutionary 
theoretical framework to create a method that allows for the identification of the selective 
conditions that have an effect on industries. Environmental conditions like resource 
scarcity are an example of a significant selective condition that can affect phenotypic 
expressions in stone tools. Cost and performance are variables that can be used to 
measure variability in stone tool cost and performance using a paradigmatic 
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classification.  Sorting in the lithic component may identify the selective conditions under 
which stone tools were made and used in populations. Based on the observation that 
selection can act on two components of lithic technology (i.e. cost and performance in 
stone tool manufacture and use), McCutcheon (1997) developed a paradigmatic 
classification technique for lithic analysis. McCutcheon’s (1997) model contains units 
that are mutually exclusive and designed to measure lithic debitage and tools as extended 
phenotypic traits of human adaptation.  The design of this paradigm is discussed in detail 
below in the technique section.  
McCutcheon (1997) devised his model to identify the selective conditions under 
which stone tool heat treatment technologies become fixed in stone tool industries. Cost, 
in this instance, refers to the energy utilized to produce a given action, including the 
construction of an original artifact. Performance refers to work done by a lithic object in 
the environment of interaction (McCutcheon 1997). If all other conditions (e.g., stone 
material resource availability, environmental conditions, food resource availability) are 
the same, lower costs provide a selective advantage. However, heightened costs may be 
offset by extended or heightened performance and visa versa. For example, heat 
treatment increases costs with the potential loss of material to high temperature alteration; 
however, it can also offsets these losses by increasing the control over the fracture of the 
raw material and/or increasing the usable materials available. Cost and performance can 
be identified within a lithic assemblage by measuring the phenotypic traits found within 
it. Using this method, changes in the utilization of resources over long stretches of time 
can be identified. As outlined by McCutcheon (Figure 1), cost is comprised of four main 
sub-variables, those being material acquisition, material preparation, actual manufacture, 
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and tool durability (McCutcheon 1997). If cost and performance are being acted on by 
natural selection, there are some potential expectations for what should be found in the 
archaeological record. These four sub-categories of cost and the three sub-categories of 
performance will be discussed in greater detail within the Method’s section.  
 
Cost
What are the conditions under which heat treatment enhances fitness?
Performance
Physical Properties Tool Requirements Technology
Material Acquisition Material Preparation Manufacture Tool Durability
Distance between source and
manufacturing locations.
Raw Material
aAbundance
Raw Material Forms
Failure Rates Predictability of Failure
Physical Properties Tool Requirements Technology
Figure 1. Taken from McCutcheon 1997 Dissertation, Figure 60 
 
The performance of any given tool within a lithic assemblage is another factor 
that can be selected on. Stone Tool Use (STU) is defined as “the articulation of a tool 
form with some part of its surrounding, physical environment (McCutcheon 1997: 211).” 
There are a total of three separate variables which impact the STU, that being the 
physical properties of the raw stone material, the tool requirements, and the technology. 
Like with cost, the physical properties of a raw stone matrix may result in either 
increased or decreased tool durability. Certain material types allow the formation of tool 
edges that are better suited to stand up to extended use or may allow for greater rates of 
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resharpening (McCutcheon 1997). With this in mind, certain raw stone materials may be 
selected for different tool requirements, depending on the desired function, as well as 
limit or dictate which technologies are used (Dunnell and Lewarch 1974).  
In Darwinian evolutionary theory, there are three recognized forms of natural 
selection identified: stabilizing, disruptive, and directional. Like other components of 
Darwinian evolutionary theory, these natural selection modes have been applied to help 
identify the selective conditions which influence changes in the archaeological record 
over time (Endler 1986). Stabilizing selection tends to occur when there are high levels of 
adaption to a stable environment. It selects against peripheral (or extreme) behaviors or 
traits and tends to favor more intermediate ones. Over a long period of time, it can reduce 
the variation of phenotypes within a population (Butzer 1982:284). Directional selection 
tends to occur when there is a rapid environmental change, such as sudden losses or 
changes of food resource availability, as it tends to favor one end of the spectrum of 
phenotypic frequencies. Disruptive selection occurs when two distinct periphery 
phenotypes tend to have advantageous benefits simultaneously in the same, typically 
complex, environment. In this form of selection, intermediate traits or behaviors are less 
fit then their extreme counterparts (Butzer 1982: 284). 
The cost and performance model can be used to identify the selective conditions 
that effect different rates of phenotypic trait distributions in populations.  For example, in 
a location where climatic conditions remain consistent and sources for raw stone material 
remain plentiful, stabilizing selection should be the dominant mode of natural selection. 
Very little, if any, changes in the stone tool manufacture process or the use wear patterns 
would be present within the lithic industry over time. 
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In the event of changing environmental conditions, as is known to have occurred 
in the Columbia Plateau from 14,000-4000 BP, a directional selection mode may be 
expected to be the dominant mode of natural selection, depending on the consistency of 
change. As resource availability and utilization changes, the frequency of different 
technological and functional traits would be expected to shift gradually over time. 
However, periods of rapid change of food and tool resource availabilities may decrease or 
offset this expectation to varying degrees. The shift from large ungulates to more riverine 
species like anadromous fish, for example, would be expected to result in an overall 
gradual change in the frequencies and types of tools utilized and use wear patterns 
exhibited, but this shift may not necessarily have occurred at a steady or consistent rate. 
Foragers and Collectors. The organization of lithic technology ideas used in 
defining what is an expedient versus curated technology were developed out of Binford’s 
(1980) seminal paper on different kinds of settlement and subsistence patterns. Binford 
(1980) first proposed a model that defined the forager and collector settlement and 
subsistence strategies as part of a framework of differences of mobility and land use 
(Binford 1980).  Mobility, or settlement pattern, is identified from residential and logistic 
patterns of a population. Binford (1980) put it as roughly the difference of taking the 
entire population of a group and moving them from location to location to the movement 
of more specialized, smaller groups to interim sites. There have been differences in how 
these two strategies have been outlined, but the production of site types has remained 
similar (Chatters 1995, Schalk and Cleveland 1983).  
Foragers utilize what is known as residential mobility. In this mobility strategy, 
groups move from resource rich or superior locations that circle a central hub. These 
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locations, predominantly within riverine settings, were used as bases for smaller, more 
specialized hunting and acquisition areas. These smaller areas would house needed 
resources such as raw stone tool materials, specific plant materials, and animals (Binford 
1980). As seasons and conditions changed, the entire group would move the entire 
operation to new advantageous areas with the desired resources (Binford 1980). The 
variability and potential rapid change of available resources often resulted in diverse diets 
(Bamforth 1997; Chatters 1987, 1995). In comparison, collectors tended to be much more 
sedentary, depending on logistic mobility for resource procurement. Logistic mobility is 
when movement to any one area is directed by the intent of acquiring a specific resource 
(Binford 1980). Often, these resources are in turn brought back to a larger residential site 
for either use by a larger population or storage for later use. Some examples of a logistic 
mobile strategy are raw stone tool quarry sites, deer hunting blinds, or root harvesting 
locations (Binford 1980). 
Foragers and collectors both display patterns of a residential or base site that is 
used with smaller resource specific localities (Chatters 1987, 2009). Where these two 
strategies tend to differentiate from one another is within the use of storage in a collector 
strategy (Chatters 1978, 2009). Increased populations may have played a factor in the 
adoption of this practice (Schalk 1981; Croes and Hackenberger 1988; Cohen 1981).  
The Windust Lithic Tradition (WLT) and the Cascade Lithic Tradition (CLT) 
both exhibit curated and expedient tools within their toolkits, as demonstrated above. The 
degree to which the WLT and the CLT of the Sanders site demonstrate either toolkit type 
will be distinguished through the debitage assemblages. As debitage analysis has yet to 
be undertaken for the Sanders site, this presents a current data gap for the Sanders site 
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lithic assemblage. This is marked by the presence of large, formal tools. The move to 
CLT sees a rise of less multi-functional, more specialized tools and an increase in 
expedient tools. This shift from more in-depth, curated toolkits occurs as residential 
mobility decreases. Within a residential site, it is expected that lithic assemblages should 
exhibit changes as the mobility behaviors shift (Schalk 1996; Houser 1996). As 
specialization of tools increases, levels of multi-use patterns on tools will be expected to 
decrease. The depth of manufacture also decreases as sedentism increases, with rates of 
formal tools diminishing in favor of expedient tools like utilized flakes (Andrefsky 2000; 
Chatters 1986).  
As mobility changes within the Columbia Plateau, not only do the expected 
assemblage makeups change, but the associated costs and performance are also liable to 
change. Appendix C outlines expectations for the lithic assemblages of various residential 
mobility levels as established by Schalk (1996) and Houser (1996), while addressing the 
associated cost and performances with each assemblage makeup. While some aspects of 
each residential type assemblage have increased costs associated with it, they are almost 
always mitigated by increased performance and/or reduction of cost in another manner of 
the assemblage. This chart was developed to show how a Residential and Logistic 
Mobility model and a Cost and Performance model may be used to address the same 
observed frequencies in an assemblage. 
The following section will establish the environmental, geographical, natural 
resource, and historical context with which the Sanders lithic assemblage was 
manufactured, utilized, discarded, and later excavated. This context is essential to begin 
understanding the selective conditions that drive variability within the lithic technologies 
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of prehistoric populations. It is also important to understand the history of the Sanders 
assemblage itself and how it has been analyzed by various researchers in the past to better 
build on the existing data. The background information for Objective 3 and four will be 
outlined in detail within the Method and Technique section within Chapter IV. Objective 
V will be addressed within Chapter VI. 
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CHAPTER III 
STUDY AREA 
 
Yakima Training Center 
The Yakima Training Center (YTC; Figure 2), a military training facility run by 
the US Army, is located in south-central Washington and on the southwestern edge of the 
Columbia Plateau. Built originally in 1942, in operation since 1943, and since extended, 
within the current boundary of the YTC lie hundreds of prehistoric and historic 
archaeological sites that have been documented and/or excavated (Galm et al. 2000). The 
YTC lies east of the Columbia River Valley, south of Interstate Highway 90, west of 
Interstate 82, and north of State Route 24 (See Figure 2).  While military activity in the 
YTC, such as military training exercises and the use of live heavy artillery, does 
frequently cause damage to archaeological sites, the Sanders site is located outside of the 
Main Area of Impact (MIA) and is at low risk for destruction. 
 The region lies within a rain shadow created by the Cascades and is the driest part 
of the Columbia Plateau. It is a semi-arid zone that is comprised mainly of shrub-steppe. 
The winters are usually very cold with summers being dry and hot. A majority of the 
precipitation for the YTC occurs as snow in the winter months, measuring approximately 
173 to 227 mm annually (Sternes 1969). Temperatures can range from subzero to over 
100° F, with an average temperature lying in the mid-50s. (Galm et al. 2000) The YTC is 
comprised of high relief, with the highest elevations being comprised of anticline ridges 
ranging from 760 m to 1060m (2,500 and 3500 ft). The lowest elevations occur in the 
syncline valleys along the main stream channels as well as in the Columbia Valley and 
may be as low as 120 m (400 ft) or more than 550 m (1800 ft) (Reidel et al. 1989). The 
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regions extreme variation in weather, temperature, and wind causes erosion of sediments 
that expose or damage the areas with the presence of the archaeological record. In the 
same vein, these same natural processes cause deposition of sediment, which can cover 
and protect archaeological sites as well.  
 
Figure 2. Yakima Training Center. From Galm et al. (2000; Figure 1.2), red 
triangle indicates the Sanders site location. 
 
The Sanders Site (45KT315)  
 The Sanders site is located in the U.S. Department of the Army YTC. It is on the 
north bank of Johnson Creek, four miles west of its confluence with the Columbia River 
(Hackenberger and Vantine 2010; Figure 3). Isolated finds located around Sanders and a 
secondary site south of Johnson Creek, 45KT726, (Figure 4) may potentially be 
comprised of the same alluvial, fluvial, and aeolian deposits. It remains currently unclear 
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the degree to which erosion, cutting, and refilling of the creek has re-deposited sediment 
over time at the site. 
 
Figure 3. Google Earth map of Johnson Creek, triangle indicating the Sanders Site. 
 
 
Figure 4. Locations of 45KT315 and 45KT726 on Johnson Creek (Gough 2002). 
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 The Sanders site was excavated by the students from Central Washington State 
University under Dr. William Smith during the 1971 and 1972 summers (Figure 5). 
Excavations at the site consisted of three trenches, designated as 1501, 1502, and 1504. 
Trench 1501 was quickly abandoned in favor of the 1502 and 1504 trenches due to very 
obvious signs of previous pothunting within the area of the site. Trench 1502 does not 
display any such signs of disturbance and was thus excavated the most fully of the 
trenches and contains the deepest components of the entire site.  
 While the trenches were excavated in contiguous 1x1 meter units using 10 cm 
arbitrary levels from the surface (Hackenberger and Vantine 2010), stratigraphic 
interpretations resulted in the arbitrary layers being combined into strata (Figure 6, Figure 
7). There are seven radiocarbon dates that have been dated from the site ranging in age 
from 2890 BP to 10,800 BP. The oldest radio carbon dates, in conjunction with the 
presence of a Windust base from a projectile point, establish a long occupational history 
of numerous cultural groups in the area. The site stratigraphy is a result of a series of 
degradation and aggregation episodes by Johnson Creek (Gough 1999; Hackenberger and 
Vantine 2010). Sometime after the deposition of Mazama tephra, a pronounced and 
nearly ubiquitous stratigraphic marker in the region dating to roughly 6800 BP 
(Zdanowicz 1999), a series of river down-cutting episodes removed sediment from the 
site location.  
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Figure 5. Photograph of the excavation of the 1502 trench (left) and 1504 block (right) in 
the Sanders Site (McClean 2017)
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Figure 6.  Redrafted drawing of the stratigraphic profile of the middle East wall of the 1502 trench (McClean 2017). 
33 
 
 
Figure 7.  Redrafted drawing of the stratigraphic profile of the East wall of the 1502 trench (McClean 2017). 
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To the south of the Sanders site lies an exposed interbed (Figure 8) composed 
predominantly of petrified wood and bogstone cherts (Carson et al.1987), which is considered 
one of the main sources of raw stone tool material for the Sanders site. The bogstone in particular 
has a very distinct, pale purple colored hue with a mottle groundmass, filled with inclusions. The 
presence of this interbed also increases the likelihood that some, if not most, of the manufacture 
process that occurred at the Sanders site is due to quarrying activities. 
 
 
Figure 8. Satellite image of the exposed Vantage Member interbed (blue box) and the Sanders 
site (black circle), Google Earth 2017. 
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After excavation, the Sanders collection was housed in the CWU Anthropology 
Department from the beginning of the 1970s until the early 1990s. At this time, the entire 
collection was re-organized into curation grade boxes by trench number, units, and artifact type. 
Additional upgrades were made to the collection in 1998, 1999, and 2000, respectively. A 
number of different analyses have been completed over the years with the collection, working 
predominantly with formal lithic tools, debitage, bone, and shell artifacts (Endacott and 
Hackenberger 2010; Garrison 2015; Vantine 2010).  
 As part of a Farrell Scholarship project, in 2009 Vantine (2009) and Dice (2009) dated a 
selection of bone artifacts. The bones were selected from both upper and lower components of 
the site and focused exclusively in the 1502 trench from units 4, 12, 18, and 28. The following 
year, Ainsley (2010) also selected a number of bone samples from both the 1504 and 1502 
trenches to be radiocarbon dated. Table 2 demonstrates the dates derived from these series of 
testing for the 1502. The first four dates originate from the upper component of the site and all 
demonstrate a date at roughly 3000 BP. The lowest component date from unit 28 (Dice 2009) 
and the date from unit 27 both yield dates at roughly 10,800 BP, indicating a long occupational 
history (Hackenberger and Vantine (2010). 
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Table 2. Faunal Bone Radiocarbon Dates from bone, (Ainsley 2010; Dice 2009; Vantine 2009) 
Sample Trench Unit Level Measure Radiocarbon 
Age 
13C/12C 
Ratio 
Calibrated 
Radiocarbon 
Age 
Dice 1502 18 25 2890 +/- 40 BP -21.4 ‰ 3250-2980 BP 
Vantine 1502 04 11 2970 +/- 40 BP -20.7 ‰ 3360-3150 BP 
Vantine 1502 04 15 2950 +/- 40 BP -29.5 ‰ 3360-3150 BP 
Vantine 1502 12 13 2980 +/- 40 BP -21.6 ‰ 3360-3150 BP 
Ainsely 1502 27 27 8780 +/- 40 BP -20.8 ‰ 10,160-9740 BP 
Dice 1502 22 33 9340 +/- 40 BP -19.7 ‰ 10,760-10,560 
BP 
 
There is currently a gap in radiocarbon dates that exists from roughly 9500 to 4000 BP 
that may or may not be a result of the creek cutting, erosion, or lack of depositional activities at 
the site during this period. Further faunal tests may yet yield a more comprehensive date range. 
For now, Sander’s dates have been compiled in relation to previous YTC site dating to place it 
within a regional context (Figure 9). 
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Figure 9. All Radiocarbon dates from the YTC, Red arrows indicate Sanders Site Dates (Ainsley 
2010). 
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Geology 
The Sanders site lies just below the Vantage area, which comprises the eastern portion of 
the Yakima Fold Belt of the Columbia Plateau. The fold belt originated from north-south 
compressions that began in the Middle Miocene and have continued to modern times (Carson et 
al. 1987; Reidel 1984). The strata that are folded are comprised of basalt flows that are part of 
the Columbia River Basalt Group (CRBG), which formed about 17 to 6 m.y. ago (Reidel 1987). 
The Sanders site is located within the Frenchman Springs Member of the Wanapum Basalt 
Formation (Figure 10), the oldest member present in the area (Carson et al.  1987). Small 
amounts of Late Tertiary and Quaternary fluvial and volcaniclastic sediments are present in some 
parts of the area (Reidel 1984). The surface soils within the YTC were formed in colluvium, 
residuum, and alluvium derived from basalt, and includes loess, glaciofluvial deposits, volcanic 
ash, recent alluvium and old alluvium (Gentry 2006). The glaciofluvial deposits that compose the 
terraces, on the eastern edge of the YTC are derived from numerous graded beds which resulted 
from the Glacial Lake Missoula floods, with each flood resulting in a new graded bed (Gentry 
2006). As the floods occurred from 12,000 to 16,000 years ago, any archaeological record 
existing prior to those dates was most likely destroyed or buried deeply under the glaciofluvial 
deposits. Volcanic ash from 12 major eruptions within the last 40,000 years is found within the 
YTC, ten of which belong to Mount St. Helens (Mullineaux 1996). 
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Figure 10. Cropped portion of the East Half of the Yakima 1:100,000 Quadrangle Geologic 
Map, Schuster 1994. MVwfs stands for Frenchman Springs Member of the CRBG. Red star 
indicates location of the Sanders site. 
 
Raw Lithic Sources 
Some of the raw tool stone materials used in stone tool manufacture in the area consist of 
cherts (cryptocrystalline silicate), basalts, granite, granite schist, soapstone, quartzite, and 
petrified wood cherts (Miller and Powell 1997). Basalt is by far the most prevalent raw lithic 
resource in the fold belt and on the YTC, given the bedrock formation and composition. The 
bedrock of the Yakima fold belt is made up of several layers which had different benefits to 
prehistoric peoples. The upper level, consisting of the first twenty feet, was known as the 
vesicular tops and provided benches for suitable settlement and the environment for important 
root crops (Miller and Powell 1997). The next layer, the entablature, has a fine-grained texture 
and usually makes up rocky outcrops, talus slopes, and cliffs. The lithic materials found in this 
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layer are easily flaked and are most likely the source for raw lithic materials for stone tool 
production in the western Columbia Basin (Miller and Powell 1997). The layer known as the 
Pillow-palagonite Complex, forms when lava comes into contact with water, resulting in basaltic 
glass that alters into yellow clay known as palagonite. In places where these pillows become 
exposed on the surface, it is possible to find many quarry or lithic procurement locations. The 
pillows themselves are the sources of yellow ochre, opal, chalcedony, and chert in the form of 
petrified wood and bog stone (Miller and Powell 1997; Tolan et al. 1991). With the exception of 
the yellow ochre, all of these were useful stone tool materials within the area (Miss 1999). 
Obsidian is considered across the YTC as an exotic material that is frequently sourced from 
Oregon, British Columbia, Idaho, and potentially from the southern Washington Cascades (Miss 
1999). More recently, sources of basaltic obsidian have been identified various archaeological 
sites in the mid-Columbia River region (Kassa and McCutcheon 2016; Parfitt and McCutcheon 
2017). 
The sedimentary interbeds are the major source in the western Columbia Basin of tool 
stone raw materials that lie between the basalt group members (Figure 11). These sedimentary 
interbeds contain petrified wood and bogstone cherts, and were easy to access for many groups 
of people (Miss 1999; Orvald 2010; Vaughn and McCutcheon 2011). The YTC happens to be 
one of the areas in this region, which contain large quantities of chert bearing outcrops (Miller 
and Powell 1997). The Sanders site, located on the Johnson Creek drainage, is in close proximity 
to one of these interbeds. This interbed is known as the Vantage Member of the Ellensburg 
Formation. Approximately 15.5 million years B.P., flood basalts of the Grande Ronde volcanic 
period ceased for a hiatus of volcanic activity lasting 100,000 to 500,000 years before the onset 
of the Wanapum Basalt volcanic period (Carson et al. 1987). The bogstone that is predominantly 
41 
 
located within the Sanders lithic assemblage largely displays a distinctive lilac-purple hue that 
changes to a rust-red color after the use of thermal alteration. 
 
 
Figure 11. Generalized stratigraphy of the Vantage area taken from Carson et al. 1987. Black 
box indicates the basalt member (Frenchman Springs) and the interbed (Vantage Member of the 
Ellensburg Formation) that occur at the Sanders site. 
 
Paleoclimate 
 Paleoclimate conditions within the south-central portion of the Columbia Plateau have 
seen three different shifts from the period of 14,000 to 6000 years ago, which include a brief 
late-glacial cool or cold interval, a warm, dry interval with more extensive grasslands during the 
42 
 
early Holocene, and a shift to a cooler, more moist climate, indicated by more extensive forest 
cover in recent millennia, respectively (Walker and Pellat 2008). During the shift from the late 
Pleistocene to the early Holocene, at around 12,000 to 11, 000 cal. years BP, there was a shift 
from open woodland and nonarboreal areas to forested landscapes (Walsh et al. 2015). The 
Columbia Plateau vegetation was dominated by Artemesia tridentia (big sagebrush) and grasses, 
but as temperatures shifted, trees begin to expand their ranges (Barnosky et al. 1987; Mehringer 
1985). By 10,000 BP, melting of the Cordilleran Ice Sheet resulted in higher summer isolation, 
warmer conditions, and shifts in vegetation. For example, lodgepole-dominated forests thrived in 
the warmer, drier conditions within the mountains nearby (Walsh et al. 2015). Between 10,000 
BP to 7000, a general warming was typical for the region. Dry adapted species expanded during 
this warming trend (Barnosky et al. 1987; Mehringer 1985).  The period between 7000 to 4000 
BP represents the maximum for xerothermic species. After 4000 BP, the climate shifts to more 
cool and moist temperatures which give rise to less drought tolerant species and more mesic ones 
(Barnosky et al. 1987; Mehringer 1985). 
 These shifts in climatic conditions may have played a large role in the environmental 
conditions experienced by precontact populations, and thus influence what decisions and 
behaviors were required for survival in the region (Hackenberger 2009). For example, during the 
period of open grassland, large ungulate species would have thrived and made Sanders a great 
location for both food and stone material acquisition. On the other hand, periods where 
xerothermic species thrive, there is a rise in the availability of certain plant foods like root crops 
and large game may not be as plentiful. Different climactic shifts may also affect the availability 
of raw stone material due to periods of different ground cover and erosional process. Moister 
periods may result in greater runoff which may expose raw materials, but it also has the potential 
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for greater vegetation that may stabilize sediments. These different resource availabilities would 
result in changes in the debitage at Sanders. As these selective conditions (e.g. available food 
resources, plant resources, and raw material sources) fluctuate, decisions and behaviors in the 
manufacture process would also change to meet the new requirements. The manufacture process 
for creating root digging sticks is different than the production of large dart points used in big 
game animals and these differences would be reflected in the debitage at the Sanders site. 
 With the context of the Sanders lithic assemblage now established, the theoretical 
framework and analytic strategy for this research project must now be addressed. The following 
chapter will go into great detail to identify and explain the Darwinian evolutionary theoretical 
framework that forms the basis for my entire research project and the techniques that I will 
employ to achieve my last three thesis objectives.  
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CHAPTER IV 
METHOD AND TECHNIQUE 
The purpose of this section is to describe the analytical strategy that I will use to address 
my research question: What are the selective conditions under which technological organization 
shifts over time? A secondary methodological question I seek to address is: Can debitage be used 
to identify the technological or functional differences between the WLT and CLT?  
Method 
Method is defined by Dunnell (1971:34) as “a sub-system of a larger theory which is 
directed toward the solution of a particular kind of problem.” Within this section, I will adapt the 
method developed by McCutcheon (1997). In applying an adapted cost and performance model 
to the potential WLT- and CLT-aged components in the Sanders site, I hope to identify any 
changes in the organization of lithic technology expected from the literature reviewed in Chapter 
II.  Figure 12 is adapted from McCutcheon’s dissertation and the intervariable relationships 
between cost and performance variables and each of their sub-variables (McCutcheon 1997).  
  This thesis seeks to identify the selective conditions under which people at the Sander’s 
site made and used stone tools.  In this research particular lithic technological and/or functional 
solutions may or may not become fixed within the lithic industries. Variables considered here are 
articulated through the relative costs and performances for all potential WLT- and CLT-aged 
debitage from the Sanders site. Theoretically, cost and performance interacts with natural 
selection in such a way, with all else remaining the same(e.g. climatic conditions, stone material 
availabilities, food availabilities), lesser costly endeavors will out compete more costly ones, 
unless there are performances acquired only by particular costly manufacturing trajectories 
(McCutcheon 1997). 
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Figure 12. Cost and Performance Model adapted from McCutcheon (1997; Figure 60) 
 Within McCutcheon’s (1997) model, as noted in the previous section, cost is sub-divided 
into four main categories. A discussion of what each of these categories entails will now be 
undertaken.  Material acquisition, the first of the categories, is further sub-divided into three 
other categories: distance between source and manufacture locations, raw material, and raw 
material form. The distance between a raw source material acquisition site and a stone tool 
manufacture location has the potential to increase or reduce cost. Higher quality material that 
must cover great distances will have a higher cost associated with it than a local material of 
lesser quality (McCutcheon 1997). However, these costs may be mitigated by an increased 
control over fracture which may result in less waste of raw materials. Abundant materials would 
have a lower cost than a rare material that may require greater effort to acquire. Materials that 
may be collected from the surface would cost less than raw material that requires mining of 
bedrock. Finally, the form raw material takes can greatly restrict or dictate the type of tool that is 
made and the manufacture process used. For example, a large WLT projectile point would 
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require a larger nodule of raw material. As a reductive process, such large tools could not be 
made out small river gravels, for example (McCutcheon 1997). 
Material Preparation, the next category under cost, is further divided by failure rates and 
failure predictability (McCutcheon 1997). If a high quality, homogenous material fractures in 
consistent and predictable ways, the amount of waste of raw material are dramatically lessened. 
However, if the cost of acquisition is high and local materials are abundant, creating excessive 
waste may not be a factor of concern and lower quality local sources may then be preferred. The 
use of heat treatment may also be used to increase the predictability of failure rates. While this 
treatment necessitates higher costs with wasted raw tool materials to high thermal alteration, it 
mitigates some of these costs by increasing the amount of usable material and increasing the 
control over fracture (McCutcheon 1997). 
 The degree of the planning depth and number of steps involved in the creation of a lithic 
technology greatly impacts whether its manufacture process has high or low costs associated. A 
heavily curated toolkit that has a higher ratio of formal tools will have higher costs than a toolkit 
that employs expedient tools like utilized flakes at higher rates (McCutcheon 1997). Dependent 
on the properties of the raw stone tool material or the tool requirements necessitated by different 
activities, the types of tools created may be limited. A high quality, homogenous material would 
reduce waste and allow for the creation of varied types of formal or informal tools.  It is also true 
that the durability of a tool is very much determined by the properties of the raw material itself 
and the activities it is used in. Some material allows for a consistent edge over longer periods of 
time or allows for retouching, increasing the durability, whereas a lower quality material may 
limit both factors (McCutcheon 1997). 
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 Costs associated with the extraction, transportation, and manufacture of stone tools may 
be offset by the performance (McCutcheon 1997). Cost outlines the manufacture process of a 
tool, whereas performance refers to the use of the tool. Overlapping with manufacture in the cost 
side of the model, performance is sub-divided by the same three sub variables: physical rock 
properties, tool requirements, and technology (McCutcheon 1997). The physical properties of 
stone material of a tool can dramatically influence the durability of said tool, as do the tool 
requirements. Obsidian, for example, naturally creates a sharper edge; however, it tends to be 
more brittle then most cherts so is more likely to break under heavy use or strain. Thus, tool use 
behaviors can be limited by the type of material of a tool. Technological factors like heat 
treatment have the potential of either increasing or decreasing cost. Heat treatment can increase 
the predictability and ease of fracture, which limits waste in the reduction process. However, 
high temperature alteration has the potential of destroying large amounts of raw material, 
rendering them unusable. This is especially true if the raw stone material contains high levels of 
imperfections, which then results in higher rates of waste. 
In the case of Sanders, a readily available local source of predominantly bog stone and 
some petrified wood cherts of varying quality may significantly affect the relative cost and 
performance of the associated lithic assemblage. The variables outlined in Figure 12 and 
discussed above are used to define classificatory attributes of the artifacts that are then used to 
describe artifact frequencies (Kassa and McCutcheon 2016; Parfitt and McCutcheon 2017; 
Vaughn 2010). By comparing these frequencies across the duration of the lower strata of the 
Sanders site, I will be able to address my main research question. Within this thesis, the apparent 
consistent usage of the same local raw material source acts as an ideal control feature in regards 
to any variation in the lithic assemblage over time. With this potential controlled variable, any 
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lack of variation over time in the Sanders lithic debitage may be attributed to the utilization of 
this same raw material source. Whether this raw material is truly used consistently over time has 
yet to be determined. 
Technique  
Technique is defined by Dunnell (1971:37) as being “the application of a particular 
method to a given set of phenomena” in regards to answering a given research question. In other 
words, the technique is the vehicle by which I will apply my method to the debitage of the lower 
lithic assemblage of the Sanders site. Cost and performance are measured analytically in order to 
help identify the selective conditions under which technological organization shifts over time. To 
do this my technique will utilize a paradigmatic classification.  
Dunnell (1971) defined paradigmatic classifications as a dimensional classification in 
which the classes are produced by the intersection of dimensions with their modes or attributes. 
Specifically, I will be utilizing an adapted form of the paradigmatic classification that was used 
previously on a set of lithic assemblages from sites situated on an interbed nearby in the Saddle 
Mounts (McCutcheon et al. 2008). The Saddle Mountains lie roughly four or five miles east of 
the Sanders site. With the utilization of the same classification system, any data I generate will 
already be formatted in an easily comparable manner with their data. 
I used three separate paradigmatic classification systems: technology, rock physical 
properties, and use wear. Each of these classificatory systems utilizes mutually exclusive 
categories to describe the lithic artifacts of an assemblage. These descriptions come from a 
Darwinian evolutionary theoretical framework, and explain any non-random observed 
differences or similarities in selective conditions of stone tool manufacture and use across time in 
the Sanders lower component assemblage. These three paradigmatic classifications have been 
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utilized in a number of analyses within the Columbia Plateau and the Pacific Northwest over the 
last decade (Ferry 2015; Garrison 2015; Lewis 2015; Lohse et al. 1984; McCutcheon et al. 2008; 
Vaughn 2010). 
The technological paradigmatic classification I utilized contains seven separate 
dimensions for which each artifact was analyzed for (Table 3). These dimensions include object 
type, amount of cortex, platform type, reduction class, presence of wear, other modification, and 
thermal alteration. A more diverse lithic tradition would be represented by larger amounts of 
filled classes, whereas a less variable lithic tradition would only have a few filled classes 
comparatively.  
 
Table 3. Technological Paradigmatic Classification (McCutcheon et al. 2008). 
 
I. Object Type: 
1. Biface: Two-sided rock exhibiting negative flake scars only, which were principally initiated from the edge 
of the rock. 
2. Whole Flake: Discernible interior surface and point of force apparent; all margins are intact; no broken 
edges. 
3. Broken Flake: Discernible interior surface and point of force apparent; margins of flake exhibit step 
fractures (> 60°). 
4. Flake/Flake Fragment: Rock exhibiting attributes of conchoidal fracture, especially positive flake scars, 
bulb of percussion, eraillure scars, and/or point of impact. 
5. Debris: Rock exhibits noncortical surfaces but does not exhibit attributes of conchoidal fracture. 
6. Cobble: Rock that exhibits unbroken, cortical surfaces. 
7.    Core: Rock exhibiting noncortical surfaces with attributes of conchoidal fracture with only negative flake 
scars.8.     Spall: “Flake” shaped chunk that exhibits evidence of thermal shock (e.g., potlidding, crazing, 
crenulation, etc.). 
9.      Broken Cobble: Rock exhibits both cortical and non-cortical surfaces. 
10.    Not Applicable: Object does not fit into any of the above categories.  
II. Amount of Cortex:  
1. Primary: Covers external surface (or dorsal side in the case of flake/flake fragments) of rock (with 
exception of point of impact, in the case of a flake). 
2. Secondary: External surface has mixed cortical and noncortical surfaces. 
3. Tertiary: No cortex present on any surface except point or area of impact. 
4.  None: No cortex present on any surface. 
III. Platform Type 
1. Cortex: refers to cortical platforms. 
2. Simple: platform with only one flake scar. 
3. Faceted: platform with more than one flake scar. 
4. Bifacial unfinished: platform is bifacially flaked, exhibiting a single stratum of flake scars. 
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TABLE 3 CONTINUED 
5. Bifacial unfinished, wear present: platform is bifacially flaked, exhibiting wear superimposed over a 
single stratum of flake scars. 
6. Bifacial finished: platform bifacially flaked, exhibiting several strata of flake scars. 
7. Bifacial finished, wear present: platform bifacially flaked, exhibiting wear superimposed over several 
strata of flake scars. 
8. Potlids: typically small, round flakes with convex side; point of force located at apex of convex side. 
9. Fragmentary: platform is absent; “missing data.” 
10. Not applicable: (e.g., bifaces, cores, etc.). 
11. Pressure flakes: platform is very thin, bulb of percussion is intact but very diffuse; this platform occurs on 
small flakes. 
12. Technologically absent: results from indirect percussion where a precursor focuses the force such that as 
the flake is detached, an additional flake from the ventral side removes the bulb of percussion. 
IV. Reduction Class  
1. Initial: Presence of cortex on dorsal surface. 
2. Intermediate: Absence of cortex on dorsal surface, absence of complex dorsal surface. 
3. Terminal: No lipped platform, presence of complex dorsal surface. 
4. Bifacial Reduction/Thinning: Presence of lipped platform, no wear on platform. 
5. Bifacial Resharpening: Presence of lipped platform, presence of wear on platform. 
6. Not Applicable 
V. Wear: damage to an object’s surface as a result of use. 
1. Absent: No evidence of wear on any surface. 
2. Present: Wear present on at least one surface. 
VI. Other Modification:  
1. None: No attrition other than that explained by wear. 
2. Flaking: Fragment removed by conchoidal fracture. 
3. Grinding: Surfaces smoothed by abrasion. 
4. Pecking: Irregular or regular patterns of attrition due to dynamic nonconchoidal fracture. 
5. Incising: Linear grinding. 
6. Other: types of modification not described above. 
VII. Thermal Alteration 
1. No Heating: No attributes of thermal alteration exhibited. 
2. Lustrous/Nonlustrous Flake Scars: Object exhibits lustrous flake scars either intersecting or juxtaposed to 
nonlustrous flake scars. 
3. Lustrous Flake Scars: Lustrous flake scars only, where the luster is equivalent to that exhibited on objects 
exhibiting mode 1 above. 
4. High-Temperature Alteration: Object exhibits potlidding, crazing, and/or crenulated surfaces  
 
 
The second paradigmatic classification I utilized was rock physical property (Table 4). 
The properties of raw stone tool material greatly affect both the stone tool manufacture process 
of a tool and the way that tool is then used (McCutcheon 1997). To properly identify the 
selective conditions in a lithic industry, you must clearly understand and identify these rock 
properties. The classification is made up of seven different dimensions: groundmass, solid 
inclusions, void inclusions, distribution of solid inclusions, distribution of void inclusions, 
translucency, and material type. The way in which a stone tool material fractures during the 
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manufacture process, its fracture mechanics, is entirely dependent on the properties of the raw 
stone tool material. 
 Table 4. Rock Physical Property Paradigmatic Classification (McCutcheon et al. 2008) 
 
Rock Physical Property Code 
I. Groundmass 
1. Uniform: A consistent and unvarying structure, where the distribution of color, texture, or luster is even. 
2. Bedding Planes: Linear striae superimposed upon and parallel to one another. Individual stria can be 
distinct in color and/or texture. 
3. Concentric Banding: Concentric layers of different color and/or texture. 
4. Mottled: Abrupt and uneven variations (e.g., swirled or clouded) in color or texture. 
5. Granular: A consistent structure composed of many individual grains. 
6. Oolitic: The matrix is composed of small round or ovoid shaped grains. 
II. Solid Inclusions 
1. Present: Particles present that are distinct from the rock body (e.g., oolites, sand grains, filled cracks, 
grains, fossils, minerals). 
2. Absent: Particles are absent from the rock body at 40X magnification or lower (unaided eye). 
III. Void Inclusions 
1. Present: Areas devoid of any material are present in the rock body (e.g., vugs, fossil and mineral casts, 
unfilled cracks). 
2. Absent: Areas devoid of any material are absent from the rock body at 40X magnification or lower 
(unaided eye). 
IV. Distribution of Solid Inclusions 
1. Random: The distribution of inclusions is irregular and not patterned in any fashion. 
2. Uniform: The distribution of inclusions is unvarying and even throughout the rock body. 
3. Structured: The distribution of inclusions is patterned or isolated within the rock body. 
4. None: Inclusions are absent from the rock body at 40X or lower magnification (unaided eye). 
V. Distribution of Void 
1. Random: The distribution of inclusions is irregular and not patterned in any fashion. 
2. Uniform: The distribution of inclusions is unvarying and even throughout the rock body. 
3. Structured: The distribution of inclusions is patterned or isolated within the rock body. 
4. None: Inclusions are absent from the rock body at 40X or lower magnification (unaided eye). 
V1. Translucency 
1. 1.Opaque 
2. 2.Translucent 
VII. Material Type 
1. Chert 
2. Petrified Wood 
3. Bogstone 
4. Other 
 
 The final paradigmatic classification I applied to the Sanders lithic debitage assemblage 
was a macroscopic use wear classification, which measures any artifact with evidence of wear 
(Table 6). Originally developed and utilized by Dunnell and Lewarch (1974), the dimensions 
include: kind of wear, location of wear, shape of wear, and orientation of wear. 
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Table 5. Macroscopic Use Wear Paradigmatic Classification (McCutcheon et al. 2008). 
 
Use Wear Code 
I. Kind of Wear 
1. Chipping: Small conchoidal fragments broken from edge; a series of flake scars. 
2. Abrasion: Striations and/or gloss or polish on edge or point or surface. 
3. Crushing: Irregular fragments removed from object leaving pitted surface. 
4. Polishing (as in Witthoft 1967). 
5. None - No wear is visible. 
II. Location of Wear 
1. Angular Point: Intersection of three or more planes at a point, including the point. 
2. Angular Edge: Intersections of two planes including the line of intersection. 
3. Angular Plane: A single planar surface. 
4. Curvilinear Point: A three-dimensional parabola or hyperbola. 
5. Curvilinear Edge: A curved plane bent significantly in only one axis (two-dimensional parabola or 
hyperbola). 
6. Curvilinear Plane: A curved plane with spherical or elliptical distortion of large radius. 
7. Non-localized: A closed curve. 
8. None: Wear absent. 
III. Shape of Wear 
1. Convex: An arc with a curve away from a flat surface. 
2. Concave: An arc with a curve toward a flat surface. 
3. Straight: A straight or flat surface. 
4. Point: A point. 
5. Oblique notch: Two lines whose intersection forms an oblique angle. 
6. Acute notch: Two lines whose intersection forms an acute angle. 
7. None: Wear absent. 
IV. Orientation of Wear  
1. Perpendicular to Y-plane: Mainly pitting, edge-on crushing, etc. 
2. Oblique to the Y-plane: A single direction is noted (e.g., unifacial chipping). 
3. Variable to the Y-plane: A number of different orientations, all linear, turning from a left oblique 
through perpendicular to right oblique (e.g., bifacial chipping, crushing, pounding, etc.). 
4. Parallel to the Y-plane: Precludes most percussive wear. 
5. No orientation: non-linear wear (e.g., heating). 
6. None: Wear absent. 
 
Sample Selection 
 Due to the depth and quantity of debitage present, I selected all of my samples from the 
1502 trench. It is believed that the lower lithic components of the 1502 trench are potentially 
associated with the WLT and the CLT due to the presence of one Windust base fragment and a 
variety of Cascade projectile points (Garrison 2015). Of the 1502 trench, six units (17, 18, 27, 
28, 29, 30) met the required depth believed to contain potential WLT and CLT age artifacts, 
based on the limited radiocarbon dating of the site. Unit 30 was later dropped for expediency, as 
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it was the densest in artifact content, almost equal to the remaining five units combined. Of the 
remaining five units, all levels 20-34 were pulled for analysis and yielded a total count of 4408 
debitage artifacts (Figure 13). After Garrison (2015) completed the formed tool analysis of the 
Sanders site from the 1502 trench, all of the formal tools that fell within the Lower Lithic 
Component (LLC) or the Middle Lithic Component (MLC) of the site were added to the dataset 
of this thesis, as both theses only focused on the 1502 trench. A total of four bifaces or bifaces 
fragments were found to be of appropriate depth and were added to the analysis, bringing the 
final sample size to 4412 as well as an inclusion of units 11, 13, and 19.  
  
Figure 13. Artifact counts by level and component of all relevant units. 
 
Using the available radiocarbon dates and the Mazama tephra layer present within the 
site, it was decided to use levels 20 through 28 as for the MLC and levels 29 through 34 were 
defined as the LLC. Of the final debitage sample size, the LLC accounts for about 52.86% of the 
total amount at 2332. In comparison, the MLC accounts for 47.14% of the sample at a total 
amount of 2080. By weight, the total sample amounts to 3599.61 grams (Figures 14, 15). As 
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noted in Figure 8, the vast majority of the debitage is concentrated in small weight amounts <.5 
grams. When broken down by lithic component, LLC accounts for 56.33% of the weight total at 
2027.77g and MLC accounts for 43.67% of the total at 1571.84. Just from these initial numbers, 
there is a point of interest. The LLC has both larger artifact counts and weight than the MLC. 
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Figure 14. Artifact Weight (g) of the Lower Lithic Component by Unit (Bars) and Level (X-
axis). 
 
 
  
Figure 15. Artifact Weight (g) of the Middle Lithic Component by Unit (Bars) and Level (X-
axis) 
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Resampling 
 Resampling is a technique, part of a family of statistics known as bootstrapping, that uses 
random sampling with replacement. It allows assigning measures of sample representativeness 
(Boos 2003; Efron 1993). Resampling also allows one to assess the richness and evenness of a 
sample (McCutcheon 1997).  The resampling method has been utilized by a number of analyses 
to determine the richness and evenness of archaeological assemblages over the last decade 
(Evans 2009; Lewis 2015; McCutcheon 1997; McCutcheon et al. 2008; Vaughn 2010). The 
resampling program developed by CWU computer science students is called Resampler (Mohr et 
al. n.d.). The program draws random samples 1000 times at evenly spaced increments by default, 
though you may set different intervals dependent on the size of your sample. For each 
independent, random sampling interval, a random sample is chosen 1000 times, and the mean 
and median, standard deviation and standard error are recorded (McCutcheon et al. 2008). The 
program then takes these values and plots them onto a graph. The resulting resampling curve can 
then be assigned one of three ranks depending on the asymptotic characteristics of the curve 
(McCutcheon et al. 2008). A set criteria on minimum sample sizes has not been established for 
producing reliable resampling, however it is typically accepted that samples above 30 as a 
minimum will suffice (Mooney and Duval 1993). 
 As stated above, the incremental resampling curves generated by the data for each set of 
data or dimension is then assigned to one of three categories: Rich with even class distributions 
(Rank 1); Rich with uneven distributions (Rank 2); Very uneven distributions regardless of 
richness (Rank 3)(Vaughn 2010). Each of these three ranks displays different asymptotic 
characteristics. Rank 1 incremental curve are considered representative, which generates curves 
that are asymptotic in nature and reach the asymptote at or well before the 75% of the maximum 
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sample size (Figure 16). When the slope of an incremental curve reaches zero is known as the 
asymptote, meaning that additional sampling from the population will not increase richness. In a 
Rank 2 incremental curve, the slope of the curve reaches the asymptote just before or after 75% 
of the maximum number of samples (Figure 17). In the final incremental curve, a Rank 3, the 
slope of the curve never fully reaches the asymptote (Figure 18; McCutcheon et al. 2008).  There 
has been some debate about whether curves in Rank 2 are sufficiently representative or not. 
Some of the first studies to classify and define curves (McCutcheon 1997; Lipo 2000) made the 
argument that no, Rank 2 curves are not considered representative. However, it has since been 
argued that Rank 2 curves are in fact representative, or just on the edge of representation 
(Cochrane 2002). While rank 2 may or may not be representative and 3 slopes are definitively 
considered un-representative, if a data incremental curve demonstrates rank curve, the 
conclusion is not necessarily incorrect. It merely means that any conclusions from these samples 
should be seen as suggestive in nature, not definitively conclusive (McCutcheon et al. 2008). 
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Figure 16. Example of a Rank 1 Resampling Curve. The slope of the curve reaches the 
asymptote well before the maximum sample size. 
 
 
Figure 17. Example of a Rank 2 Resampling Curve. The slope of the curve reaches the 
asymptote just before the maximum sample size. 
 
 
 
Figure 18. Example of a Rank 3 Resampling Curve. The slope of the curve never reaches the 
asymptote. 
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When the Sanders data for each technological, rock physical property, and use wear 
dimension was run through the Resampler program by component, all of the MLC and a majority 
of the LLC dimensions were Rank 1 (Table 6). The LLC lithic frequencies had three dimensions 
(Object Type, Cortex, and Platform) that were as Rank 3 incremental resampling curve and one 
dimension (Groundmass) came back as a Rank 2 incremental resampling curve. It is very likely 
that the small sample size of the LLC has contributed to these Rank 2 and 3 curves. For this 
research, all dimensions that resulted in either a Rank 2 or 3 incremental resampling curves will 
still be included in the analysis, even though they are not necessarily considered representative 
samples as stated above. Any results derived from their analysis will have to acknowledge their 
lack of representativeness and will be taken as inference rather than definitive conclusion. 
 
Table 6. List of Ranking Resampling Curves for the Sanders Assemblage 
 
 
Dimension 
Component 
LLC MLC 
Object Type 3 1 
Cortex 3 1 
Platform 3 1 
Reduction Class 1 1 
Other Modification 1 1 
Wear 1 1 
Thermal Alteration 1 1 
   
Groundmass 2 1 
Solid Inclusions 1 1 
Void Inclusions 1 1 
Distribution of Solid Inclusions 1 1 
Distribution of Void Inclusions 1 1 
Translucency 1 1 
Material Type 1 1 
   
Kind of Wear 1 1 
Location of Wear 1 1 
Wear Shape 1 1 
Orientation of Wear 1 1 
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Chi-Square Goodness-of-Fit, Log-Likelihood, and Cramer’s V 
After resampling the assemblage from the Sanders site, additional statistical analyses 
were completed to determine if any variation observed between the LLC and the MLC were 
random. If an association is found to be non-random, the strength of the association was then 
tested. Based on the nominal nature of my data, a traditional chi-square (χ2) goodness-of-fit test 
was used when the sample size allowed (Table 7). There are a few parameters that a data set 
must meet to use a chi-square test. First off, all variables must be independent of one another. 
Additionally, no more than 20% percent of the expected observations are less than 5, provided 
none of the values are less than 1, and at least 80% of the expected observations is equal to or 
greater than 5 (Vanpool and Leonard 2011).  
While sometimes collapsing categories can yield usable fields, such an attempt did not 
work for my data in most instances and all chi-square analysis based on inadequate sample sizes 
has been disregarded. In some of the dimensions, certain modes were additionally omitted due to 
insufficient frequencies. An alternative, but comparable, goodness-of-fit test is the log-likelihood 
test (McDonald 2014). Also known as the g-value test (Table 8), log-likelihood tests are not 
constrained by the same level limitations of chi square tests. As such, the use of log-likelihood 
tests is gaining in popularity due to their ability to work in situations where sample size restricts 
chi-square analysis (Sokal and Rohlf 1981). They also easily allow for the analysis and 
comparison of more than two variables. For samples of reasonable size, the g-value and chi-
square tests will lead to roughly the same numerical value, which then may both be used to reject 
the null hypothesis (Sokal and Rohlf 1981). 
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Despite the benefits associated with the log-likelihood test, as chi-square remains a staple 
in lithic analysis, it takes precedence where applicable for my research due to the pervasiveness 
of its use and familiarity for most. One issue of note with a G test is that if the expected number 
of any one observation ends up being too small, the final G value provided may be erroneous 
(McDonald 1989).The chi-square and the g-value can both be compared to the critical values of a 
chi-square distribution table using the degree of freedom (df) and alpha level .050 to determine if 
the differences are greater than expected (Vanpool and Leonard 2011). The chi-square 
distribution table is a unimodel distribution heavily skewed to the right. If the chi-square or g-
value exceeds the distribution table value at an alpha level of .05, then the null hypothesis is 
rejected (Shennan 1997; Van Pool and Leonard 2011).  
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Table 7. List of Formulas Used for Statistical Tests (Lewis 2015). 
Test Equation Variables 
Chi-Square 
𝜒2 =
∑(𝐹𝑜 − 𝐹𝑒)2
𝐹𝑒
 
χ2 – Chi-Square 
∑ - Sum 
Fo – Frequency Observed 
Fe – Frequency Expected 
 
 
Cramér’s V 
 
𝑉 = √
𝜒2
𝑛(𝑘 − 1)
 
V – Cramér’s V 
χ2 – Chi-Square 
n – Grand Total 
k – the total number or rows 
or the total number of 
columns (whichever is less)  
Log-Likelihood  
(G-value) 
𝐺 = 2 (∑𝐹𝑜 ∙ ln (
𝐹𝑜
𝐹𝑒
) ⁡) 
 
G – Log-likelihood (G-
value) 
ln - Natural Log 
 
 
Degree of Freedom 
 
𝑑𝑓 = (𝑟 − 1) ∙ (𝑐 − 1) 
df – Degree of Freedom 
r – number of rows 
c – number of columns 
 
Adjusted Residual 
𝑅 =
(𝐹𝑜 − 𝐹𝑒)
√𝐹𝑒 ∙ (1 − 𝑅𝑃) ∙ (1 − 𝐶𝑃)
 
R – Residual 
RP- Row Proportion 
CP – Column Proportion 
 
The chi-square and log-likelihood statistical tests allow for the determination of the level 
of statistical significance within a set sample. This result is significant on its own and is often the 
end of chi-square analysis. However, there is an additional step that can be taken to further parse 
out which specific contingency-table cells within a chi-square analysis are contributing most to a 
rejection of the null hypothesis. Known as analysis of adjusted chi-square residuals, this form of 
analysis allows each individual cell to be independently analyzed to determine the degree to 
which it contributes to the rejection or acceptance of a null hypothesis. The adjusted residuals are 
the difference between the expected and observed counts that have been divided by an 
approximation of the standard error (VanPool and Leonard 2011). This means that some cells 
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may be capable of rejecting the null hypothesis if they were measured individually, but in 
combination with the remaining values, the null hypothesis can still be accepted. When the null 
hypothesis is rejected, the adjusted residuals can highlight which individual cells are contributing 
the strongest to the final statistic. For this research, whenever the null hypothesis is indeed 
rejected, adjusted residuals will be used to determine which variable intersections are 
contributing the most significantly to the rejection. 
After statistical significance is established using chi-square or log-likelihood analysis, it 
is the Cramer’s V test which allows for the testing of the strength of association between two 
nominal variables (Acock and Stavig 1979). The test produces a number between 0 to 1 (Table 
8) to indicate the strength of association. A value of 0 indicates absolutely no association present 
between the variables. Conversely, a value of 1 indicates a perfect association between variables 
(Cramér 1946). For this research, the levels of association have been split up into five total 
ranges of strength. The Cramer’s V is an ideal test for this thesis because it is not limited in the 
number of cells that are involved in a two sample chi square test. However, it is limited in the 
equality of column and row marginals (Liebetrau 1983). However, the more unequal 
the marginals, the more V will be less than 1.0. Table 10 demonstrates an example of how 
different patterns of data within the distribution table can affect the final Cramer’s V value. Each 
table has a total sample size of 125, but the observed frequencies and how they are distributed 
across the contingency table result in two very different Cramer’s V values. Additionally, 
Cramer’s V can bias the results slightly in an uneven row to column contingency table (i.e. 2x3), 
as the smaller of the two numbers will be used for value K in the formula over the larger one 
(Liebetrau 1983). 
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Table 8. Levels of Association used in Cramer’s V, adapted from Lewis 2015. 
Level of Association Strength of Association 
.00 No Relationship 
.01-.19 Weak  
.20-.29 Moderate 
.30-.40 Strong 
>0.40 Extremely Strong 
 
In statistically testing the data generated from the analysis of the Sanders site, significant 
outcomes can be teased out, which can help identify the changes in lithic industry over time. The 
following chapters will discuss in detail the results of the statistical testing and provide some 
interpretations of the final analysis of the lower Sanders depth.  By employing and following the 
set steps of resampling, chi-square or log-likelihood, adjusted residual, and Cramer’s V testing, 
this research was able to identify varying degrees of variability and meaningful differences 
between the LLC and the MLC of the Sanders site that may not have been noticeable in the 
initial assemblage.  
 
Table 9. Examples of Cramer’s V Results by Distribution, N=125. 
Example 1   _ Example 2   
5 30 40 _ 15 15 30 
20 5 25 _ 10 20 35 
  Total=125    Total=125 
  Cramer’s V=.46 _   Cramer’s V=.12 
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This chapter has gone into great detail to outline the full methods and techniques with 
which I set out collecting, analyzing, and statistically testing the data for my thesis project. The 
following section will fulfill my fourth objective and begin addressing my fifth and final 
objective by outlining the results of my statistical analysis. This will include a section which 
looks at each individual dimension across the two lithic components. There will also be a section 
which looks at intersections between different dimensions by lithic component in an attempt to 
further parcel out any observed variability between the LLC and the MLC of the Sanders site.  
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CHAPTER V 
RESULTS 
This chapter will focus primarily around the differences of frequencies observed in the 
technological and functional components of the Sanders assemblage that were recorded using the 
McCutcheon et al. (2008) paradigmatic classification. There are a number of dimensions within 
the classification will not be discussed due to the fact that they were deemed statistically 
insignificant.   
Individual Dimension Comparisons 
 The first segment of the chapter will address the statistically significant dimensions 
individually as they compare across the two lithic components with a brief analysis on the 
statistical results of the chi-square/log-likelihood, adjusted residual, and the Cramer’s V. There 
were a total of 95,040 possible Technology classes, 3,072 possible Rock Physical Properties 
classes, and 840 possible Use Wear classes from the paradigmatic classification utilized for this 
thesis. Table 10 demonstrates the number of unique and shared codes of each classification 
system. Table 11 displays the counts observed for each of the dimensions by LLC or MLC. 
While the MLC has at least one frequency for each dimension, the LLC does in fact have a small 
number of zero counts. 
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Table 10. Distribution of Filled Classes Across Lithic Component 
 
 
Table 11. Counts of Statistically Significant Dimensions Full Counts by Lithic Component 
Dimension Mode LLC MLC  
Flake Size >.25 & <.5 in 46 181 
 >.5 & <1 in 165 512 
 >1 in 70 148 
Object Type Biface 1 3 
 Flakes 256 815 
 Debris 2051 1239 
 Cores 20 11 
 Spalls 4 12 
Reduction Initial 3 34 
 Intermediate 52 205 
 Terminal 27 76 
 Bifacial Reduction/Thinning 7 12 
 Not Applicable 192 514 
Thermal Alteration None 76 399 
Technology Code Frequency Total 
Codes by 
Component 
Shared Codes 42/95,040 -- 
Lower Lithic Composition Unique 
Codes 
21/95,040 63/95,040 
Middle Lithic Composition Unique 
Codes 
91/95,040 133/95,040 
Rock Physical Properties Code -- 196/95,040 
Shared Codes 43/3072 -- 
Lower Lithic Composition Unique 
Codes 
9/3072 52/3,072 
Middle Lithic Composition Unique 
Codes 
41/3072 84/3,072 
Use Wear Code -- 136/3,072 
Shared Codes 5/840 -- 
Lower Lithic Composition Unique 
Codes 
0/840 5/840 
Middle Lithic Composition Unique 
Codes 
4/840 9/840 
 -- 14/840 
Total Filled Classes -- 346/96,252 
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 Lustrous/Non-Lustrous 81 228 
 Lustrous 94 135 
 High Temperature Alteration 30 79 
Other Modification None 258 820 
 Flaking 23 19 
 Other -            2 
Wear Absent 244 673 
 Present 37 168 
Material Type  Chert 123 499 
 Petrified Wood 126 199 
 Petrified Bogstone 29 117 
 Other 3 26 
Groundmass Uniform 23 123 
 Bedding Plane 32 109 
 Concentric Banding - 2 
 Mottled 224 577 
 Granular 2           25 
 Oolitic - 5 
Solid Distribution Random 74 312 
 Uniform  161 390 
 Structured 34 128 
 None 12 61 
 
 
 The second section of this chapter takes the analysis a step further by discussing a 
number of intersecting dimensions. These results are then compared between the LLC to the 
MLC to look at the variable and inter-variable relationships to attempt to identify the potential 
selective conditions for the potential explanations for the variability present within the Sanders 
lower component assemblage. In this Results  section, discussion revolves around how observed 
frequencies compare to the expectations established earlier in this thesis in regards varying 
frequencies present within the lithic industries of curated and expedient technologies as 
sedentism increases in the region. The third and final section will look at the intersections 
between the Technological, Rock Physical Property, and Use Wear filled class memberships in 
an attempt to identify any final variability between the LLC and the MLC. It may also help 
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identify any additional selective conditions that may result in the technological organization of 
the LLC and the MLC. 
 For each statistically significant dimension, an analysis of adjusted residuals was 
undertaken to determine which intersected modes were contributing significantly to the rejection 
of the null hypothesis. The null hypothesis (Hₒ) of this thesis was that there is no difference in 
the variability between the LLC and the MLC. The alternative hypothesis (Hₐ) was that there is a 
difference in the variability between the LLC and the MLC. The adjusted residual analysis helps 
show which, if any, cell frequency is greater or lesser than expected. For my research, Table 12 
outlines the individual modes which proved to contribute the most significantly to the rejection 
of the null hypothesis within each lithic component comparison. After running chi square or log-
likelihood tests for each of the individual dimensions, a total of 6 dimensions rejected the null 
hypothesis (Table 13). However, all of the associations, except for Material Type, are ranked as 
weak. Material Type, with a Cramer’s V value of .21, is the only dimension that ranks as 
moderate.  
Table 12. Analysis of the Adjusted Residuals for all Dimensions across Lithic Component, 
adapted from Lewis 2015. 
Dimension LLC MLC 
Artifact Size >1 in (+)* > 1 in (-)* 
 
Object Type Flakes (+) 
Cores (-) 
Flakes (-) 
Cores (+) 
Reduction 
Class 
Initial (+) Initial (-) 
Wear 
 
Absent (-) 
Present (+) 
Absent(+) 
Present (-) 
Thermal 
Alteration 
Non-
Lustrous/Lustrous (-) 
Lustrous (+) 
Non-
Lustrous/Lustrous(+) 
Lustrous (-) 
Other 
Modifications 
None (+) 
Flaking (-) 
None (-) 
Flaking (+) 
70 
 
Groundmass Uniform (-) 
Mottled (+) 
Granular (-) 
Uniform (+) 
Mottled (-) 
Granular (+) 
Solid 
Inclusion 
Distribution 
Random (-) 
Uniform (+) 
Random (+) 
Uniform (-) 
Translucency Opaque (+) 
Translucent (-) 
Opaque (-) 
Translucent (+) 
Material Type Chert (-)  
Bogstone (+) 
Chert (+) 
Bogstone (-) 
*Note, the all (+) indicate the observed frequency is greater than expected, (-) indicate the 
frequency is less than expected. 
 
In the analysis for many of the dimensions, all artifacts were analyzed except for the 
debris. Analysis of the debitage was limited to weight (g) and count. When debris was removed 
from analysis, the remaining artifact count was 1122. The LLC had a total of 281 artifacts and 
the MLC had a total of 841. This meant that the MLC had almost three times the sample size of 
the LLC and represents about 75% of the total sample. The small sample size of debitage in the 
LLC was, constrained the actual analysis.  
Table 13. Results of Statistical Testing Across Lithic Components 
Dimension Statistically 
Significant 
Association 
χ2 or g 
Value  
> p 
Cramér's 
V (χ2 or g) 
df Null 
Hypothesis 
Strength of 
Association 
Artifact Size χ2 8.72 0.09 8 Rejected Weak 
Object Type χ2 26.47 0.15 8 Rejected Weak 
Reduction Stage χ2 8.21 0.15 2 Rejected Weak 
 
 
Wear χ2 6.54 0.08 2 Rejected  Weak 
Thermal 
Alteration 
χ2 14.42 0.15 6 Rejected Weak 
Material Type χ2 47.24 0.21 6 Rejected Moderate 
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Artifact Size. Artifact size is used to determine not only the type of flake (percussion 
versus pressure), but can give some indication of how far into a manufacture process an artifact 
was at the time of the flaking (Andrefsky 2005). In general, percussion flakes are larger and 
occur earlier into the manufacture process, whereas pressure flakes are smaller and occur later in 
the manufacture process (Andrefsky 2005). There can be issues with this generalization when 
you have mixed assemblages, however, it is still important to record flake size. There were three 
separate size classifications utilized in my analysis of the Sanders assemblage. Based on 
Andrefsky’s (2005) size classes, the entire assemblage was separated into >.25 inch, >.5 inch, 
and >1 inch modes by lithic component (Figure 19). As stated above, debris was not recorded for 
size and so was omitted in this specific comparison, leaving a total of 1122 artifacts. For both the 
LLC and the MLC, the majority of the remaining artifacts fall within the >.5 inch mode. While 
the MLC has a much greater amount by frequency, proportionally, both the LLC (59%) and the 
MLC (61%) are very similar. The MLC does demonstrate a higher frequency of 6% within the 
>.25 inch mode from the LLC, while simultaneously has a lower frequency of 7% in the >1 inch 
mode.  
 
 
Figure 19. Proportion of Artifact Size by Lithic Component, Error bar indicates 95% confidence 
interval, LLC=281 and MLC=841.  
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As the sample met all of the necessary conditions, a chi-square goodness-of-fit test was 
utilized to compare the LLC and the MLC by size. The null hypothesis was indeed rejected, with 
the >1 inch mode proving to be the only statistically significant cell when an analysis of adjusted 
residuals was run. While the differences between the sizes of artifacts within the two lithic 
components proved to be statistically significant, the Cramer’s V value of .09 proves that the 
association is weak.   
Object Type. Sullivan and Rozen (1985) developed mutually exclusive categories to 
address the Debitage type dimension. Sullivan and Rozen’s (1985) key separates lithic debitage 
into four separate categories: debris, flake fragments, broken flakes and complete flakes (Figure 20). 
These four categories are based on three main attributes that can be found on debitage. The first of 
the three attributes was the presence of a Single Interior Surface. The second attribute is a Point of 
Applied Force, which is also commonly referred to as a platform. The third attribute is Margins 
(Sullivan and Rozen 1985). While not necessarily fully “interpretation free” as originally 
presented, the debitage categories can be extremely useful. The categories developed by Sullivan 
and Rozen can help in determining if an assemblage was generated in the production of formed 
tools (higher frequencies of debris and broken flakes) or more from core reduction (higher 
frequencies of cores and complete flakes). The former could be said to be associated with a more 
curated toolkit and the latter is more associated with expedient toolkits.  
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Figure 20.  The key for assigning debitage to Sullivan and Rozen categories. Taken from Vaughn, 
Figure 5 (2010: 52), adapted from Sullivan and Rozen (1985:759). 
 
As stated earlier, there were a total of 4412 artifacts in the sample used for this project. 
When analyzed, there were five main Object Type modes recorded within the lower Sanders 
assemblage (Figure 21). Of the five modes, debris proved to be the most significant component 
for both components. However the distribution of the debris is a little interesting. The LLC 
comprises roughly half the amount of levels of the MLC. However, the LLC debris accounts for 
almost half of the entire lithic assemblage (46%). In comparison, the MLC debris only makes up 
28% of the entire lithic assemblage. By frequency, the LLC has 2051 pieces of debris and the 
MLC only contains 1239, a 40% difference between the two lithic components. When compared 
proportionately within their individual lithic components, the debris accounts for 88% of the 
entire LLC and 60% of the MLC, a difference of 28%.  
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Figure 21. Proportion of Object Type Frequencies by lithic Component, Error bar indicates 95% 
confidence interval, LLC=281 and MLC=841. 
 
Flakes make up the next most significant mode for both the LLC and the MLC, 
comprising 6% and 18% of the total assemblage respectively. When assessed proportionally 
within the individual lithic components. Flakes account for only 11% of the LLC and 39% of the 
MLC, a higher frequency of 28%. This directly makes up the lower observed frequency in the 
debris within the MLC. The remaining three object types, those of bifaces, cores, and spalls, 
account for a little over 1% of the total assemblage and display very little variation over time. 
Debris was officially taken out of any future statistical testing, which allowed for a better 
view of the remaining debitage object type frequencies within the LLC and the MLC (Figure 22). 
Flakes are very obviously the largest object type frequency across both components, at 91% 
(LLC) and 98% (MLC). When you look at cores, the frequency is much higher in the LLC at 7% 
than the 1% of the MLC. This represents a difference of 6%.  Spalls are not significantly 
different from one component to another. 
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Figure 22. Proportion of Object Type by Lithic Component without Debris, Error bar indicates 
95% confidence interval, LLC=281 and MLC=841. 
 
For the purpose of running statistical tests, there were a number of modes that were 
omitted from the final object type analysis. Due to the small sample size, the biface mode was 
dropped early on. After running an initial chi-square test in which the null hypothesis was 
rejected, the debris mode was found to be skewing the chi-square value due to the overwhelming 
frequency of both the LLC and the MLC. When ran a second time, omitting the debris mode, the 
null hypothesis was rejected once again. When an analysis of adjusted residuals was run, the 
Flake and the Core modes contributed the most significantly to the rejection. Flakes were over-
represented and the cores were under-represented. As with most of the dimensions in my 
analysis, the association proved to be very weak with a Cramer’s V of .15. 
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Reduction Class. When it comes to Reduction Classes, there are a few expectations that 
were established in previous sections. First of all, Initial and Intermediate stages of reduction can 
be attributed to both curated and expedient toolkits. As part of a formed tool, the initial and 
intermediate reduction flakes represent the first two of several stages of manufacture. These two 
reduction dimensions can also represent the production of blanks and cores that could be used for 
expedient tools. Terminal may also fall within either toolkit expectation; however, it is more 
likely to be associated with the production of a formed tool. Bifacial thinning flakes will always 
be associated with the final stages of production of a bifacial formal tool. When looking at 
quarrying activities of raw stone materials, it was also established that higher frequencies of 
initial and intermediate flakes would be expected over terminal and bifacial thinning flakes. 
 For the Sanders site assemblage, a total of 1122 artifacts were analyzed.  When analyzed, 
a total of five Reduction modes demonstrated filled classes. One of these modes is Not 
Applicable, and is comprised of all of the flake fragments, bifaces, cores, and spalls. While all of 
the artifacts contain useful information inherently, as they lack a platform and a single interior 
surface, this mode was eliminated from consideration on any further review, reducing the total 
diagnostic sample size down to 416 (Figure 23). The LLC, at 89 artifacts, makes up 21% of the 
total assemblage and the MLC, at 327 artifacts, makes up the majority of the total assemblage at 
79%.   
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Figure 23. Proportion of Reduction Class Frequencies by the Lithic Component, Error bar 
indicates 95% confidence interval, LLC=89 and MLC=327. 
 
All of the modes in the Reduction dimension were not statistically different at a 95% 
Confidence Interval. However, after acknowledging this fact there are a few differences 
observed. The largest mode for the LLC is the Intermediate class. The proportion of Intermediate 
in the LLC amounts to 12.5% of the total assemblage, while the proportion in the MLC accounts 
for almost half the total assemblage at 49.2%. Proportionally, within comparison to the 
individual lithic component sample totals, the LLC and the MLC are much less variable to one 
another at 58% and 63% respectively of the Intermediate mode. This amounts to a small 
difference of 4% between the two assemblages. The Initial mode presents the next largest 
difference between components, proportionally. The Initial mode represents 3.4% of the LLC 
and 10.4% of the MLC, which equates to higher frequency of about 6% within the MLC. In 
regards to the Bifacial Reduction mode, the LLC and MLC account for 7.8% and 3.7% 
respectively of each lithic component assemblage. This amounts to a lower frequency of 4.1% 
within the MLC. There is little variation between the Terminal modes proportionally between the 
LLC and the MLC.  
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 As sample size across the two lithic components for Reduction Class fits all the necessary 
requirements for a chi-square test, there was no reason to remove or omit any of the modes. The 
chi-square value for this dimension was 8.21; the null hypothesis is rejected. The initial reduction 
stage for both the LLC and the MLC proved to significantly contribute to the rejection of the null 
when an analysis of adjusted residuals was run. Like most of the statistical comparisons made 
within this project, while the variability within the reduction class dimension across the LLC and 
the MLC proved statistically significant, a Cramer’s V of .14 reveals that the association is weak. 
Use Wear. As established in the sections above, there are a few expectations that can be 
assumed in regards to the use wear of a curated and an expedient tool kit. It was stated that 
formed tools in a curated toolkit tend to be multi-functional, meaning that one tool is used for 
multiple uses. That means that there should be higher frequencies of multiple use wear patterns 
on the same artifact. A more expedient toolkit was established as having more specialized uses, 
meaning that more tools are used for one purpose. This means that more single use wear patterns 
are expected on artifacts.  
Overall, evidence of worn artifacts is relatively small across all analyzed object types for 
both components. Of 281 total artifacts analyzed, only 32 demonstrate presence of wear within 
the LLC. This amounts to about 13% of the LLC assemblage. On the other hand, out of the 841 
artifacts analyzed for the MLC, only 168 artifacts (20%) demonstrate any wear.  That means that 
there is a higher frequency of use wear on artifacts by 7% within the MLC. In context of the 
whole assemblage, worn artifacts within the LLC make up only 3% of the total. For the MLC 
there is five times more, or 15% of the artifacts with macroscopic wear. Regardless of these 
differences, use wear occurs at a low percentage over all, with only 18% of artifacts showing any 
evidence of being used (Figure 24).  
79 
 
   
Figure 24: The Proportion of Use Wear by Lithic Component, Error Bar Indicates a 95% 
confidence interval, LLC=281 and MLC=841. 
 
When wear is present, there are a number of dimensions that fall under the Macroscopic 
Use Wear classification. As such a number of separate sets of statistical tests were run to 
compare all the use wear variability by dimension between the LLC and the MLC. The first 
dimension statistically analyzed was the presence/absence of wear. Sample sizes met all the 
requirements so a chi-square test was run. The null was rejected and all four cells proved to be 
significant contributors the final rejection. While statistically significant, the association proved 
to be very weak with a Cramer’s V of only .08. 
Three of the Use Wear dimensions only had one single mode that demonstrated any 
significant filled frequency and as such did little more than support the presence of use wear. 
These three dimensions were Kind of Wear (KoW), Location of Wear (LoW), and Orientation. 
The only filled classes for these three dimensions was Chipping (KoW) on an Angular Edge 
(LoW) that was Oblique to the Y (Orientation). Between the LLC and the MLC, these wear 
patterns made up only 18% of the total Sanders assemblage, with the remaining 83% displaying 
no signs of wear. For the Shape of Wear dimension, six total modes were filled in this analysis. 
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Two were eventually dropped due to limited sample sizes, leaving behind the four modes of 
Convex, Concave, Straight, and None. None was by far the largest mode which amounted to 
roughly 83% of the total assemblage. Proportionally, the None mode made up 88% of the LLC 
and 81% of the MLC. This amounts to a 7% higher frequency in the presence of use wear shapes 
found in the MLC assemblage. Of the three remaining modes, the Straight use wear shape 
accounts for most of the difference in use wear shape at a slightly higher frequency of 4%. The 
rates of Convex and Concave shapes remain relatively consistent between the two components. 
Of the four Use Wear dimensions, Shape of Wear was the only one which accepted the null 
hypothesis. It is possible, if not probable, that this result is due to the small sample size of the 
LLC. If future debitage analysis of the lower Sanders assemblage utilizes a larger sample size at 
large, it is possible that this dimension may prove to be statistically significant at that time. A 
more in depth discussion on the Use Wear patterns of the LLC and the MLC assemblages is 
explored in the following two sections of this chapter. 
 Thermal Alteration. Within his 1997 dissertation, McCutcheon (1997) set out some 
expectations for Thermal Alteration. Controlled experiments showed that the use of heat 
treatment increased the predictability of fracture in lower quality, inclusion filled raw stone 
materials. However, this same process also reduced the durability of the stone tools produced. As 
such, the rates of the use of Thermal Alteration decreased the greater the distance from a raw 
stone material source due to a lack of abundance (McCutcheon 1997). With these expectations in 
mind and with the Sanders site so close to an abundant, but inclusion filled raw material source, 
it can be expected that there will be relatively consistent use of Thermal Alteration between the 
LLC and the MLC of the Sanders site. 
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For the Sanders site, all four of the modes of the Thermal Alteration dimension were 
filled during my analysis (Figure 25). This is the first dimension where the largest proportion is 
not the same for each component. For the LLC, Lustrous flake scars accounts for 34% of the 
total lithic component, followed by Non-Lustrous/Lustrous (29%), No Heating (27%), and High 
Temperature Alteration at 11%. For the MLC, No Heating accounts for 47% of the total lithic 
component, followed by Non-Lustrous/Lustrous (27%), Lustrous (16%), and High Temperature 
Alteration at 9%. 
 
 
Figure 25. Proportion of Thermal Alteration by Lithic Component, Error bar indicates 95% 
confidence interval, N=1122. 
 
As sample size was not an issue within this dimension, a chi-square test was used which 
resulted in a rejection of the null. When I ran the analysis of adjusted residuals, both No Heating 
and Lustrous modes were determined to be significantly contributing to the final rejection of the 
null for this dimension. It was clear from the Analysis of Adjusted residuals that the No Heating 
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cells in the contingency table were driving the rejection of the null to a larger than normal 
degree.  I ran a second chi-square test omitting the No Heating mode to see if the remainder of 
the assemblage would still reject the Null hypothesis without it or if this mode was skewing the 
statistical tests. Once again, the null was rejected and upon running an analysis of adjusted 
residuals, the Non-Lustrous/Lustrous and Lustrous modes were determined to be significantly 
contributing to the rejection of the null. When the No Heating mode was included in the analysis, 
the Cramer’s V produced a value of moderate association of .22. Without this mode, the 
Cramer’s V was .15 which is considered a weak association. As such, the No Heating mode was 
indeed considered for the remaining analysis. 
With relatively significant differences in the proportions of the Thermal Alteration 
dimension between components and a moderate association between the LLC and the MLC 
when all modes are accounted for, it was determined that this dimension needed to be further 
analyzed in an attempt to get more detail on the selective conditions that account for the 
variability from LLC to the MLC. As it initially stood, the frequency of Thermal Alteration is 
lower in the MLC by a relatively large difference of 20%. 
Material Type. With a large interbed located within very close proximity to the Sanders 
site, that being the Vantage Member or the Ellensburg Formation, it was expected that the 
variability of the Rock Physical Properties of the debitage of the LLC and the MLC would 
remain consistent with very little variability between the two components. Specifically, the 
presence of the purple bogstone that is abundant from this interbed was expected at high 
frequencies as it is to this day extremely plentiful.  
Within this section, all statistically important dimensions associated with the Rock 
Physical Property paradigmatic classification are discussed in detail. To start off with, there were 
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four separate modes filled during this project: Chert, Petrified wood, Petrified Bogstone, and 
Other (Figure 26). While Petrified wood and Petrified Bogstone are both forms of crypto-
crystalline silicate cherts that are formed by silica replacing carbon in organic materials, I only 
designated an artifact as one or the other if I could definitively identify it as such. For example, 
an artifact was only designated as Petrified Wood chert when I could observe the wood grain or 
petrified bark. A bogstone chert was usually identified by the unique purple hue, though 
sometimes white specimens were present, and the distinct mottled groundmass with randomly 
distributed solid inclusions. When I could not identify an artifact so clearly, but the material was 
obviously a crypto-crystalline silicate, it was assigned to the Chert mode. All three forms of 
cherts have been identified and sampled from the source just up the hill from Sanders, however 
Bogstone is easily the most plentiful observed at the interbed up the hill from Sanders 
(Hackenberger and Vantine 2010). There have been two examples of obsidian formal tool 
fragments and other non-local materials from the Sanders assemblage (Garrison 2015). However, 
for the lower debitage assemblage, the Other category is exclusively made up of basalt.  
 For the LLC, the Petrified Wood and the Chert almost make up equal proportions at 45% 
and 44% respectively. The Bogstone (10%) and Other (1%) modes follow at much smaller 
frequencies. In comparison, the MLC modes account for 59% (Chert), 24% (Petrified Wood), 
14% (Bogstone), and 3% (Other) respectively. When taken in context of their lithic component, 
the Chert mode accounts for the highest frequencies in both the LLC and the MLC. This amounts 
to a difference of 15% with a higher frequency in the MLC. Bogstone and the Other tool stone 
modes also demonstrate higher frequencies in the MLC, at 4% and 3% respectively. For the final 
mode, the proportion of the Petrified Wood, from 45% in the LLC to 24% in the MLC, 
demonstrates a lower frequency of 21% in the MLC. While this was an apparently interesting 
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shift in material type preference, the dimension needed to be statistically tested to determine if 
the variability observed was significant or not and to what degree of strength.  
 As all four modes had sufficient sample sizes, the dimension was analyzed with a chi-
square test, which resulted in the rejection of the null hypothesis. After applying an analysis of 
residuals, it was determined that both the Chert and the Bogstone cells within the contingency 
table were contributing significantly to the final rejection of the null. After the application of the 
Cramer’s V, a value of .21 was calculated. This indicates that there is a moderate strength of 
association between the Material Type of the LLC and the MLC of the Sanders assemblage. 
 
 
Figure 26. Proportion of Material Type Frequencies Across Lithic Components, Error bar 
indicates 95% confidence interval, N=1122. 
 
 There are three additional Rock Physical Property dimensions that have proven to be 
statistically significant that should also be discussed: Groundmass, Solid Inclusion Distribution, 
and Translucency. All six modes of the Groundmass dimension were initially filled during 
analysis, but due to limited sample sizes, two were later dropped to fit chi-square requirements. 
The remaining four modes are Uniform, Bedding Plane, Mottled, and Granular. For the LLC and 
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the MLC, the Mottled mode accounted for the largest percentage of each composition, at 80% 
and 69% respectively. For the LLC, the next largest mode is that of Bedding Plane (11%), 
closely followed by Uniform (8%), with Granular (1%) a distant fourth. In comparison, within 
the MLC, the Uniform (15%) mode just beats out Bedding Plane (13%) and Other (3%) is a very 
distant fourth. The presence of the Mottled mode is a lower frequency of 11% within the MLC. 
Additionally, there is a slightly higher frequency of 7% in the proportion of the Uniform mode as 
it almost doubles from 8% of the LLC to 15% of the MLC. There is very little difference in both 
the Bedding Plane and the Granular modes between the two lithic components. 
 When statistically analyzed with a chi-square test, the Groundmass dimension results in a 
rejection of the null hypothesis. When an analysis of adjusted residual was applied, it was 
determined that the Uniform, Bedding Plane, and Granular codes were significant contributors to 
the rejection of the final null. While the variability between the two lithic components was 
deemed significant, the Cramer’s V value of .12 that was calculated for the Groundmass 
dimension indicates a weak association of the LLC and the MLC. 
 For the Solid Inclusion Distribution dimension, a total of four modes were filled during 
analysis: Random, Uniform, Structured, and None. For both the LLC and the MLC, the Uniform 
mode is the largest at 14 % and 30% of the total assemblage respectively. For LLC, it is twice as 
large as the Random (7%) mode, more than three times as large as the Structured mode (3%), 
and fourteen times the artifacts with No Inclusion (1%). In comparison, the Random mode of the 
MLC is only slightly lower frequency than the Uniform at 28 %, followed by Structured (11%) 
and No inclusion (5%).When contextualized by their individual lithic components, it is 
determined that there is a higher frequency of 11% Random solid inclusion distribution within 
the MLC, from 26% to 36%. Smaller differences of higher frequencies in the proportion of the 
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Structured and No Inclusion modes, at 3% each, also occur from the LLC to the MLC of the 
Sanders site. The most apparently significant shift over time is the 17% decrease in the presence 
of Uniform Solid Inclusion Distribution over time. 
 Upon running a chi-square test to the Solid Inclusion Distribution dimension, the null 
hypothesis was rejected. An analysis of adjusted residual determined that the Random and 
Uniform modes significantly contributed the most to the final rejection of the mode. As a final 
step, the Cramer’s V assigned the dimension a Cramer’s V value of .15, a weak level of 
association.  
 The last statistically significant mode is the Translucency dimension. With two modes of 
Opaque and Translucent, each class was filled easily within the analysis of this project. The 
Opaque mode is the larger of the two across both the LLC and the MLC, at 17% and 41% of the 
total assemblage. In comparison, the LLC Translucent mode accounts for 8% of the total 
assemblage while the MLC has 34%. When assessed within the context of their individual lithic 
components, it was determined that 66% of the LLC is made up of opaque raw material, as 
compared to the 55% of the MLC. This amounts to a lower frequency of 11% in the proportion 
of opaque raw material over time in the MLC from the LLC assemblages. Conversely, there is a 
higher frequency of 11% in the proportion of translucent material within the MLC, from 34% to 
45%. 
 When the Translucency dimension is analyzed with the chi-square test, the null 
hypothesis was in fact rejected. The analysis of residuals shows that all four cells within the 
contingency table contribute significantly to the final rejection of the null. While the 
translucency of the raw stone material is statistically significantly different over time, the 
Cramer’s V test produced a value of .10, which is a weak level of association. 
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 Overall, the stone tool material used at the Sanders site appears to be relatively consistent 
over time with some noted differences. A moderately lower frequency in the utilization of 
Petrified Wood was found to be the most marked difference between the two, which was made 
up for by the higher frequencies of the Bogstone and Cherts of the local quarry site. There is also 
a very slight frequency in the presence of basalt within the MLC, though this variability is very 
likely due to the small sample size of the LLC. A last item of note was a noted higher frequency 
in higher quality raw materials that do not exhibit the same inclusion filled, mottled nature of the 
vast majority of the rest of the assemblage. These cherts were typically absent of any inclusions 
and homogenous in general. It is possible that these materials represent exotic raw stone tool 
materials that are being brought to Sanders within the MLC, or it is from another local unknown 
source located within the YTC area, but nothing can be said definitively on this matter without 
further analysis of the debitage assemblage in the site. 
Intersecting Dimensions 
 Upon noting some apparent significant differences in the sizes of artifacts, presence of 
use wear on artifacts, and the use of heat treatment within the manufacture process between the 
LLC and the MLC, additional testing looking at the intersections of Artifact Size, Wear, and 
most prominently, Thermal alteration was pursued.  To be able to test these intersections using a 
chi-square test or Log-likelihood test, these dimensions needed to be assessed by lithic 
component. Table 14 outlines the results of the statistical testing of each of the six intersections. 
Due to the small sample size of the LLC, three of the six tests focused on the dimensions of this 
lithic component had to be run with a log-likelihood test. There was also one MLC test that did 
not meet the requirements for a chi-square test and had to be run with a log-likelihood test. Of 
the twelve total individual tests ran, more than half resulted in a rejection of the null hypothesis. 
88 
 
There were five that accepted the null, that of the LLC Size versus Reduction, LLC Thermal 
Alteration versus Reduction, MLC Wear versus Reduction, LLC Wear versus Thermal 
Alteration, and MLC Wear versus Thermal Alteration. As both lithic components accepted the 
null for the latter two tests, these intersections were deemed statistically insignificant and no 
further discussion was pursued. It was also determined that an analysis of Size versus Wear 
would not really do anything to further identify the selective conditions that change the 
organization of technology, so these dimensions were also dropped. If additional research on the 
debitage of the Sanders assemblage occurs in the future, it would be interesting to see if a larger 
sample does indeed yield a rejection of the null for the LLC Size versus Reduction, LLC 
Thermal versus Reduction, and MLC Wear versus Reduction intersections. 
Table 14. Results from the Statistical Testing of Intersecting Dimensions 
Dimension Statistically 
Significant 
Association 
χ2 or g 
Value  
> p 
Cramér’s 
V (χ2 or 
g) 
df Null 
Hypothesis 
Strength of 
Association 
LLC Size v. 
Reduction 
G 2.07 0.11 8 Accepted Weak 
MLC Size v. 
Reduction 
χ2 16.78 0.17 8 Rejected Weak 
LLC Size v. 
Wear 
χ2 12.75 0.21 2 Rejected Moderate 
MLC Size v. 
Wear 
χ2 100.12 0.35 2 Rejected Strong 
LLC Size v. 
Thermal 
χ2 32.26 0.25 6 Rejected Moderate 
MLC Size v. 
Thermal 
χ2 32.16 0.14 6 Rejected Weak 
LLC Thermal 
v. Reduction 
G 17.24 0.25 12 Accepted Moderate 
MLC Thermal 
v. Reduction 
G 21.42 0.15 12 Rejected Weak 
LLC Wear v. 
Reduction 
G 13.17 0.38 4 Rejected Strong 
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MLC Wear v. 
Reduction 
χ2 6.76 0.14 4 Accepted Weak 
LLC Wear v. 
Thermal 
χ2 1.75 0.08 3 Accepted  Weak 
MLC Wear v. 
Thermal 
χ2 5.74 0.08 3 Accepted  Weak 
 
 
Size versus Reduction. With the observed frequencies in the individual dimensions 
section above, there is some expectation that there will be higher frequencies of Intermediate and 
possibly Initial flakes at the >.5 inch mode within the MLC compared to the LLC. The size of 
lithic artifacts, specifically those of flakes, has been tentatively linked to the reduction class of 
the manufacturing process (Andrefsky 2005). However, there is not always a definitive 
association. While this is limited to the size and properties of the raw tool stone material, larger 
flakes with simple dorsal surfaces are the results of the initial stages of stone tool manufacture. 
Smaller sized flakes displaying faceted, lipped platforms and complex dorsal flakes tend to be 
considered as part of the final stages of stone tool manufacture (Andrefsky 2005). 
 
 As noted above, the limited sample size of the LLC necessitated the use of a log-
likelihood test for the LLC Size versus Reduction. The null was not rejected in the test of these 
two intersecting dimensions, which again may or may not be associated with the small sample 
size of the LLC. However, for the MLC, the sample size met the restrictions and a chi-square 
was run for the Size and Reduction Class dimensions. Within this lithic component test, the null 
hypothesis was rejected. After an analysis of adjusted residuals was run, it was determined that 
the cells for the >.25 inch at the Initial and Intermediate modes and the cells for the >1 inch at 
the Initial and Intermediate modes contributed significantly to the rejection of the final null 
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hypothesis. After running the Cramer’s V, the association between these two dimensions for the 
MLC was ranked as weak with a value of .17. 
 The Figures 27 and 28 display the proportional distribution of the frequencies across the 
two intersecting dimensions for the LLC and the MLC respectively. While the difference 
between the LLC Size and Reduction dimensions proved to not be statistically significant, there 
are some general differences between the two lithic components that should be noted. First off, 
the most significant differences are higher frequencies of almost 6% of Intermediate flakes at the 
>.25 size class and Initial flakes at the >.5 size class within the MLC. These higher frequencies 
are made up in slightly lower frequencies in the Intermediate flakes in the >1 inch size class and 
the Intermediate and Terminal modes in the >.5 inch size class within the MLC. Additionally, 
very slight higher frequencies also occur in the Initial mode at the >1 inch size class and the 
Intermediate mode at the >.5 inch class size of the MLC. This means that there is a lower 
frequency of large sized artifacts such as bifaces, flake fragments, cores, and spalls within the 
MLC compared to the LLC. Instead, there are higher frequencies in Initial and slightly more 
significantly in the Intermediate Reduction Class modes at the smaller Artifact Modes of >.25 
inch and >.5 inch. There were no differences in the proportions of the Terminal and Bifacial 
Thinning flakes across size classes. 
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Figure 27: Proportion of LLC Size versus Reduction Frequencies, Error bar indicates 95% 
confidence interval, N=89. 
 
 
Figure 28. Proportion of MLC Size versus Reduction Frequencies, Error bar indicates 95% 
confidence interval, N=841. 
 
Size versus Thermal. The final dimension compared with Artifact Size across the LLC 
and the MLC was that of Thermal Alteration. The distribution of thermal alteration across size 
class may help indicate at what point it was used in the manufacture process and may indicate if 
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the stage that heat treatment is introduced changes in any way between the LLC and the MLC. In 
the previous section, there was a noted lower frequency of Thermal Alteration within the MLC 
compared to the LLC. There was also a slightly higher frequency of >.25 sized flakes with a 
lower frequency of >1 inch sized flakes. As such, I would expect to see the highest frequencies 
of heat treatment within the >.5 inch class, as the highest size class, and the >.25 inch size class, 
which is most likely associated with later reduction stages of manufacture. It was for these 
reasons that these two dimensions were selected for additional testing in an attempt to further 
analyze the selective conditions that were driving these technological shifts. A limited sample 
size in the LLC necessitated the use of a log-likelihood test but the MLC was sufficient for the 
requirements of a chi-square test. 
 When the LLC was assessed for the Size versus Thermal Alteration dimensions with the 
log-likelihood test, the null hypothesis was rejected. An analysis of adjusted  residuals 
demonstrated that the cells for size classes >.5 inch and >1 inch for the Non Lustrous/Lustrous 
and Lustrous Thermal modes contributed significantly to the final rejection of the null. The 
Cramer’s V test resulted in a value of .24, indicating the strength of association between size and 
thermal alteration of the LLC is moderate. When the MLC was assessed for the same dimensions 
with a chi-square test, the null hypothesis was also rejected. For the MLC, the analysis of 
adjusted  residuals revealed that the cells of the contingency table that contributed the most 
significantly to the rejection of the null hypothesis was the >.25inch  size class at the None and 
Non-Lustrous/ Lustrous thermal modes and the >1 inch size class at the Non-Lustrous/Lustrous  
and Lustrous  thermal modes. Unlike the LLC for the same dimensions, the MLC yielded a weak 
strength of association with only a value of .14. 
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 When comparing the LLC and the MLC in the Size versus Thermal Alteration 
dimensions, there were some interesting differences of note (Figures 29 and 30). There was a 
notable higher frequency in the proportion of the artifacts which demonstrated no evidence of 
thermal alteration in the >.25 and >.5 size classes, at 7% and 10% respectively. For the Lustrous 
mode, there was also a lower frequency of 9% in the >.5 inch size class and a lower frequency of 
5% in the >1 inch size class. For the remaining artifacts with evidence of thermal alteration, there 
were all consistent frequencies in all modes for the MLC except for one. The only higher 
frequency of thermal alteration within the MLC for the Sanders assemblage occurred in the Non-
Lustrous/Lustrous mode at the >.5 inch size class. Even then, this higher frequency was very 
small.  
 While it was already established that there was a moderate lower frequency in the 
proportion of the use of thermal alteration during the manufacture process within the MLC 
compared to the LLC, there were a few additional insights gleaned from this additional analysis. 
The High Temperature Alteration (HTA) mode remains mostly consistent overall size classes 
between the LLC and the MLC, so the proportion of the waste of raw stone tool material due to 
excess heating does not appear to be different from on component to the next.  
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Figure 29: Proportion of LLC Size versus Thermal Frequencies, Error bar indicates 95% 
confidence interval, N=281. 
 
 
Figure 30: Proportion of MLC Size versus Thermal Frequencies, Error bar indicates 95% 
confidence interval, N=841. 
 
In general, there is a lower frequency in the proportion of artifacts that fall in the >1 inch 
size class across all modes of the Thermal Alteration dimension, most notably for the Non-
Lustrous/ Lustrous and Lustrous. With the very subtle higher frequency in the >.5 inch size class 
in the Non-Lustrous/Lustrous, there could be a few possible explanations. First off, it is possible 
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that smaller sized cobbles of raw material are being used for the manufacture process in general. 
This would remain consistent with the overall moderate decrease in artifacts that fall within the 
>1 inch size class that was observed over time in the Sanders assemblage. Another potential 
explanation is that the application of heat treatment to the formative lithic tools was delayed until 
further into the manufacture process. The best way to test this second hypothesis was to next test 
the intersection of Thermal Alteration and Reduction Classes. 
Thermal versus Reduction. In comparing the dimensions of Thermal Alteration and the 
Reduction Class by individual lithic component, it may be possible to deduce if there were any 
significant changes in the manufacture process over time. It would also potentially answer the 
proposed hypothesis made in the above section into whether heat alteration was applied later in 
the reduction process between the LLC and the MLC. The limited sample size of both the LLC 
and MLC necessitated the use of the log-likelihood test. 
 After running the LLC dimensions through the log-likelihood test, the null hypothesis 
was unfortunately accepted, most likely due to limited sample size. Despite having a statistically 
significant difference between the Thermal Alteration and Reduction modes, the Cramer’s V test 
proved that the strength of association was moderate with a value of .25. For the MLC analysis, 
the log-likelihood test resulted in the rejection of the null hypothesis. For this lithic component, 
the analysis of adjusted residuals revealed that the significant contributors of the final rejection 
of the null were the cells for the None mode for the Thermal Alteration at the Initial, 
Intermediate, and Terminal Reduction modes and the Non-Lustrous/Lustrous Thermal Alteration 
mode at the Terminal Reduction mode. When the Cramer’s V test is then applied, a value of .14 
indicates a weak association. 
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 From the above section and the original Thermal Alteration analysis, it was 
acknowledged that there was a moderate lower frequency in the use of thermal alteration 
between the MLC and the LLC the Sanders. This was a difference of about 20%. This difference 
was further parsed out when comparisons were made across the two lithic components by 
Reduction class (Figures 31 and 32). Aside from the Bifacial Thinning mode which remained 
consistent between the two components, there is evidence of higher frequencies in the None 
thermal alteration mode across all reduction classes of the MLC. The most significant difference 
between the two components is that of the Intermediate mode at 7.6%, followed by Initial and 
the Terminal (4.5%) reduction class modes within the MLC. The most significant higher 
frequency of thermal alteration within the MLC over the LLC is found in the Terminal reduction 
mode for the Lustrous flake thermal alteration mode, at 5.2%. This difference is followed closely 
by the Terminal (4.8%) and Bifacial Thinning (3.3%) modes in the Non-Lustrous/Lustrous flake 
mode. The remaining intersections within this analysis remain relatively consistent over time. 
 
Figure 31: Proportion of LLC Thermal versus Reduction Frequencies, Error bar indicates 95% 
confidence interval, N=281. 
 
97 
 
 
Figure 32: Proportion of MLC Thermal versus Reduction Frequencies, Error bar indicates 95% 
confidence interval, N=841. 
 
 The further parsing out of the Thermal Alteration versus the Reduction stage appeared to 
confirm general lower frequencies in the use of Thermal Alteration between the LLC and the 
MLC at Sanders. However, of the artifacts which did display evidence of the use of thermal 
alteration, there were some notable differences between the LLC and the MLC. One small 
observation of a higher frequency within the MLC than the LLC was in the proportion of Non-
Lustrous/Lustrous mode in both the Initial (1.63%) and Intermediate (1.4%) reduction classes. 
This may be an indication the there was a higher frequency in the application of heat alteration in 
the beginning stages of the manufacture process over time. However, the difference is so small 
that no definitive deductions can really be made. 
Wear versus Reduction. The very last analysis of intersecting dimensions by lithic 
component that was pursued in this project was that of Wear versus Reduction. This was done in 
an attempt to further tease out any selective conditions that lead to the variability of functional 
patterns between the two lithic components. Evidence of higher wear at the earlier stages of the 
reductive process in the MLC would fit with the expectation of the shift to an expedient tool 
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lithic tradition like the CLT. For this analysis, the LLC did not meet the chi-square test 
requirements and so a log-likelihood test was used. The MLC had a sufficient enough sample 
size for the use of a chi-square test. 
 After running a log-likelihood test on the LLC analysis of the Wear and the Reduction 
Class dimensions, the null hypothesis was rejected. The analysis of the adjusted residuals 
revealed that use wear modes of Absent and Present for the Intermediate and Terminal reduction 
class modes contributed significantly to the final rejection of the null. The Cramer’s V test 
resulted in a value of .38, which is an association of high strength. For the analysis MLC of the 
Wear and the Reduction dimensions, the chi-square test resulted in an acceptance of the null 
hypothesis. Like all of the previous tests in this project which resulted in the acceptance of the 
null, it is possible that a larger sample size may yet reveal a rejection of the null. The analysis of 
the adjusted residuals revealed that use wear modes of Absent and Present for the Terminal 
reduction class mode contributed significantly to the final accepting of the null. In comparison to 
the strong association strength of the LLC, the Cramer’s V test resulted in a value of .14 for the 
MLC, which is a weak strength of association. 
 When comparing the two lithic components, there are a few differences that were 
observable (Figure 33 and 34). There was a slight higher frequency of worn artifacts within the 
MLC compared to the LLC that was identified in the individual analysis section on Wear above. 
This is reflected in this specific analysis with at least a minimal higher frequency proportionally 
in all of the Reduction Class modes except for the Bifacial Thinning flakes. The largest worn 
artifact class with higher frequencies within the MLC occurs in the Terminal (9.5%) mode, 
followed by the Intermediate (2%) and Initial (2%) modes. The largest differences occurred in 
the Absent wear mode as lower frequencies proportionately within the Terminal (16%) and the 
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Bifacial Thinning (3%) reduction class modes within the MLC specifically. This is partially 
neutralized by higher frequencies of 6% in the Absent and Initial mode intersection and slightly 
smaller higher frequencies of 2% in the Absent and Intermediate intersection.  The remaining 
dimensions reflect very little, if any, change between the two lithic components. 
 
Figure 33: Proportion of LLC Wear versus Reduction Frequencies, Error bar indicates 95% 
confidence interval, N=89. 
 
Figure 34: Proportion of MLC Wear versus Reduction Frequencies, Error bar indicates 95% 
confidence interval, N=327. 
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Cross-Classification Comparison 
 
At the very beginning of this chapter, the number of shared and unique filled class 
members for the Technology, Rock Physical Properties, and the Use Wear Codes were noted in 
relation to the maximum possible filled classes for each code type. As a reminder, there were 42 
shared Technology code members, 21 unique to LLC Technology code members, and 91 unique 
to MLC Technology code member out of a possible 95,040. There were 43 shared Rock Physical 
Property code members, 9 unique to LLC Rock Physical Property code members, and 41 unique 
to MLC Rock Physical Property code members out of a possible 3072. Lastly, there were 5 
shared Use Wear code members, 0 unique to LLC Use Wear code members, and 4 unique to 
MLC Use Wear code members out of a possible 840. What can be derived from these 
frequencies is that the richness and the diversity of the LLC is notably less diverse and less rich 
than the MLC within all three of the classifications that comprise the paradigmatic units of 
analysis within this thesis. This is most likely due to the much smaller sample size of the LLC 
compared to the MLC.  
Going beyond the basic level of filled class richness, it was decided to look at cross 
classification code frequencies for the LLC and the MLC. This was as an attempt to see which 
specific codes for each classification had the highest frequencies shared between components 
and which codes were unique to each component. It is possible that specific selective conditions 
can be identified when addressed in this manner, as it looks at very specific patterns and traits for 
each classification. Table 15 outlines the top codes by frequency for each of the three main 
classifications: Technology Code, Rock Physical Property Code, and the Use Wear Code. 
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Table 15. The Highest Frequency Codes Shared Between and Unique to the LLC and the MLC. 
Tech 
Code 
Top Codes Frequency 
Shared 
Codes 
4/4/9/6/1/1/1 
4/4/9/6/1/1/2 
4/4/9/6/1/1/3 
243 
12 
107 
LLC 
Unique  
Codes 
7/4/10/6/1/2/3 
4/2/9/6/1/1/3 
3/4/2/4/1/1/2 
3/4/2/2/2/1/4 
8 
2 
2 
2 
MLC 
Unique 
Codes 
3/4/3/3/2/1/2 
3/4/2/2/1/1/4 
3/4/3/2/2/1/1 
10 
9 
6 
RPP 
Code 
Top Codes Frequency 
Shared 
Codes 
4/1/2/2/5/1/3 
4/1/2/1/5/2/1 
4/1/2/2/5/2/1 
189 
132 
86 
LLC 
Unique  
Codes 
No high 
frequency 
codes 
N/A 
MLC 
Unique 
Codes 
4/1/1/2/1/1/1 
2/1/2/1/5/1/1 
2/1/2/1/5/2/2 
5 
3 
3 
UW 
Code 
Top 
Codes 
Frequency 
Shared 
Codes 
1/2/3/2 
1/2/1/2 
1/2/2/2 
95 
45 
44 
LLC 
Unique  
Codes 
N/A N/A 
MLC 
Unique 
Codes 
1/2/5/2 
1/1/1/2 
2/3/3/4 
3/2/1/1 
4 
1 
1 
1 
 
 There are three top Technology codes that are shared between both the LLC and the 
MLC. Overall, these three codes are identical, indicating a flake fragment with no cortex present, 
no platform, no applicable reduction stage, no use wear present, and no other modification 
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present on the artifacts. The only observable difference is the presence and degree of heat 
treatment between both components.  
There are four unique Technology codes to the LLC, those being 7/4/10/6/1/2/3 (8), 
4/2/9/6/1/1/3 (2), 3/4/3/4/1/1/2 (2), and 3/4/2/2/2/1/4 (2). The highest frequency of eight refers to 
cores that display no cortex, do not apply to either platform or reduction dimensions, display no 
indication of wear, flaking other modification, and Lustrous flakes.  The next code refers to flake 
fragments which display some cortex, no platforms, does not apply to a reduction stage, does not 
demonstrate any wear or other modifications, and has only Lustrous flakes. The last two codes 
both represent broken flakes which demonstrate no cortex and have simple platforms. The first 
code has a bifacial thinning reduction stage with no evidence of wear or other modifications, and 
has a combination of Lon-Lustrous/Lustrous flakes. The last code is an Intermediate reductive 
stage with the presence of wear, no other modifications, and High Temperature Alteration. 
 For the Technology classifications unique to the MLC, there are three highest frequency 
codes. These three codes are 3/4/3/3/2/1/2 (10), 3/4/2/2/1/1/4 (9), 3/4/3/2/2/1/1 (6). All three 
codes are Broken Flakes with no evidence of any cortex. The first code also has a faceted 
platform with a Terminal Reduction, with the presence of wear but no other modifications, and 
with non-lustrous and lustrous flake scars. The second code has a simple platform with a 
Intermediate reduction, without the presence of wear or other modification, and with evidence of 
high thermal alteration. The third code displays a faceted platform with an Intermediate 
reduction, the presence of wear without the presence of other modification, and without and 
thermal alteration. 
 In regards to the Rock Physical Properties, there are three codes which are shared 
between the LLC and the MLC which demonstrate the highest frequencies. These three codes are 
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4/1/2/2/2/5/1/3(189), 4/1/2/1/5/2/1(132), and 4/1/2/2/5/2/1(86). All three of these codes indicated 
artifacts with mottled groundmass, with a presence of solid and an absence of void inclusions. 
They differ in a variety of ways, however. The first code has Uniform distribution of solid 
inclusions with no void inclusions within opaque, bogstone cherts. The second code has Random 
distribution of solid inclusions with no void inclusions within a translucent chert. The final 
shared code has Uniform solid inclusions without any void inclusions within translucent chert. 
 For the LLC, there were 9 total Unique RPP codes. However, all demonstrated a 
frequency of only 1, so there were no high frequency categories to discuss. In regards to the 
MLC, there were three distinct high frequency codes. These three codes are 4/1/1/2/1/1/1 (5), 
2/1/2/1/5/1/1 (3), and 2/1/2/1/5/2/1 (3). The first code represents artifacts with mottled 
groundmass with both solid and void inclusions that have been uniformly and randomly spaced 
respectively within opaque cherts. The second and third codes both represent stone with bedding 
plane groundmass, filled with randomly distributed solid inclusions while lacking any void 
inclusions. The only difference between these last two codes is that the second code has opaque 
cherts and the third code has translucent cherts. 
 Moving onto the UW codes, there were three high frequency shared codes between the 
LLC and the MLC. These codes were 1/2/3/2 (95), 1/2/1/2 (45), and 1/2/2/2 (45). The first code, 
with the distinctively highest frequency of 95 stands for artifacts which displayed chipping wear 
on the angular edge, with a straight use wear shape, oblique to the Y. The second code stands for 
artifacts with chipping wear on the angular edge, with a convex use wear shape, oblique to the y. 
The final shared code indicates artifacts with chipping wear on the angular edge, with a concave 
use wear shape, oblique to the y axis. 
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Unlike the RPP codes, there were actually no unique UW codes within the LLC period. 
However, there were four UW codes unique to the MLC. These four codes are 1/2/5/2 (4), 
1/1/1/2 (1), 2/3/3/4 (1), and 3/2/1/1 (1). The first code stands for chipping wear located on the 
angular edge, in an oblique notch shape, oblique to the y-axis. The next three codes apply to the 
three MLC associated bifaces that were analyzed by Garrison (2015). The second code stands for 
the presence of chipping wear on the angular point of a biface with convex shape that is oblique 
to the y-axis. The third code is the presence of abrasion wear on the angular plane of a biface 
with straight use wear shape that is parallel to the y-axis. The final unique code is a biface with 
crushing use wear on the angular edge with convex shape of wear that is perpendicular to the y-
axis. 
In an attempt to further highlight any selective conditions which may drive variability 
between the LLC and the MLC, the entirety of the Technology, Rock Physical Properties, and 
the Use Wear codes for both components were compared cross-classification (e.g. Tech versus 
RPP, Tech versus UW, RPP versus UW). When this was done, very clear patterns of 
intersections of modes and dimensions began to present themselves within the data. Each 
intersectional comparison type produced at least one comparison which displayed a much higher 
frequency than any other for that cross-classification analysis. These types of comparison really 
highlight the advantage of employing a mutually exclusive classification system as a part of any 
research analysis strategy. 
For the Technology versus the Rock Physical Property codes, the highest observed 
frequency for both components was that of 4/4/9/6/1/1/3 by 4/1/2/2/5/1/3 with a frequency of 25. 
This is more than double any other frequency comparison for these two classifications. The 
Technology code stands for a flake fragment with no evidence of cortex, no platform or 
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reduction type, with no presence of wear or other modification, but with thermal alteration. The 
RPP code stands for a mottled groundmass, with solid but without void inclusions that have been 
uniformly distributed within opaque bogstone cherts. 
The Technology versus the Use Wear codes produced a comparison of 1/2/3/2 by 
4/4/9/6/2/1/3 with the highest frequency at 5. There was also a slightly less high frequency of 
1/2/1/2 by the same Technology code at 3 for these two classification comparisons. The first Use 
Wear code stands for chipping wear on the angular edge of an artifact with straight 
(convex+concave patterns) shaped wear, oblique to the Y. The secondary Use Wear code stands 
for chipping wear on the angular edge with convex shaped wear oblique to the Y-axis. The 
Technology code stands for a flake fragment with no platform or reduction class, with the 
presence of wear but no other modification with full thermal alteration. 
The Pock Physical Properties versus the Use Wear codes produced a frequency of 17 for 
the comparison of 4/1/2/2/5/1/3 by 1/2/3/2. The RPP code stands for a mottled groundmass with 
solid inclusions and no void inclusions that have been Uniformly distributed within opaque 
bogstone cherts. The Use Wear code represents chipping wear on the angular edge with straight 
wear shape oblique to Y-axis.  
Summary of Results 
 The primary purpose of this thesis was to determine the degree to which debitage could 
be used to address the variability associated with two potentially different lithic technologies 
such as the Windust Lithic Technology and the Cascade Lithic Technology. I was specifically 
interested to see is the selective conditions through which a shift in technological organization 
occurs could be identified through a Darwinian evolutionary framework. With the use of the 
Cost and Performance model, the variation of the Sanders lower debitage assemblage was 
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measured between two components through the use of the paradigmatic classifications I 
employed. Prior to this current research, there were two levels of expectations that were 
identified previously in this project. The first set outlined the expected traits of the debitage in 
the event of a WLT to CLT, or a curated to expedient toolkit, transition based on previous 
debitage and lithic analyses for the two lithic industries (Andrefsky 2005; Chatters et al 2012; 
Sullivan and Rozen 1985). The purpose of this first set of conclusions was to twofold: to 
determine if there was evidence of the presence of the WLT in the LLC of the Sanders site 
outside of a single projectile point base fragment and to clearly establish expected debitage 
frequencies as a point of comparison for the Sanders site and contemporaneous analyses at like-
age sites. While Garrison (2015) did identify one small Windust project point fragment, there 
were no other formal tools identified as distinct to the WLT. In comparison, there was a number 
of Cascade points located that confirmed the presence of the CLT within the site. The second set 
of expectations outlined was in relation the expected debitage frequencies that should be present 
within a quarry site. With the Vantage Member interbed just south of the Sanders site, it was 
important to determine if the Sanders LLC and MLC demonstrated these expectations or not. A 
final comparison with the 98-12-11 and 98-12-12 quarry sites from the Saddle Mountain field 
school helped in the determination of whether the Sanders site met the expectations for a quarry 
site or not. 
Expectations in Comparison to Results. The first major expectation of a WLT to a CLT 
transition that would be reflected in the debitage was devised by Sullivan and Rozen (1985).  
They determined that in sites that resulted in the production of curated tools, as would be 
expected with the WLT, there should be increased rates of broken flakes and flake fragments. In 
comparison, sites which produced higher rates of expedient tools, as would be expected with the 
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CLT, the debitage should be dominated by complete flakes and debris. When you look at the 
Sanders lower debitage assemblage, it really does not meet these expectations very well. The 
only component which appears to meet the established expectations in any way is the complete 
flakes. There is a very slight difference from the LLC to the MLC, but it is so small that it is not 
significant at a 95% Confidence interval.  The LLC contains a large debris component, 
accounting for almost 50% of the entire assemblage by frequency in of itself. Proportionally with 
the MLC, this Object Type mode has a lower frequency by a total of 28%. This is a pretty 
significant difference. At the same time, there is an observed higher frequency of Broken Flakes 
and Flake Fragments by 28% within the MLC compared to the LLC. This also is opposite of the 
established expectations for an expedient toolkit as established by Sullivan and Rozen (1985), 
which stated that expedient tool production should be dominated by cores and complete flakes.  
While these frequencies do not fall in line with the established expectations for the WLT 
and the CLT, they do meet the expectations laid out for a quarry site (McCutcheon et al. 2008). 
Intensive amounts of initial and intermediate reduction stages in regards to quarrying activity in 
the LLC of the site would account for the extremely high debris presence in the LLC, as should 
be expected. The presence of initial reduction and a small collection of cores within the LLC also 
falls in line with quarry expectations. If the lithic manufacturing process shifted to the processing 
of pre-processed performs or blanks as is typical of the CLT and the rise of sedentism 
(Andrefsky 2005; Binford 1980) that would explain why the frequency of flakes is higher and 
the frequency of debris is lower within the MLC.  
When compared to the 98-12-12 site frequencies from the 2005 Saddle Mountain field 
school (McCutcheon et al. 2008), it is the MLC of the Sanders site that most resembles the 
observed frequencies of the reduction class. However, the LLC frequencies are not that 
108 
 
dissimilar either. To briefly recap, 98-12-12 was comprised of four main reduction classes: 
Initial (20%), Intermediate (62%), Terminal (15%), Bifacial Thinning Flakes (3%) (Figure 35). 
While not exactly the same, the Initial (10.4%), Intermediate (62.7%), Terminal (23.2%), and 
Bifacial Thinning Flakes (3.7%) of the MLC display very similar frequencies. The biggest 
difference lies within the Initial mode, which is about half the proportion observed at the 98-12-
12 site. The LLC has even greater differences from the 98-12-12 Initial frequency, at only 3.4% 
Initial. Overall, however, the three reduction frequencies fall in line similar reductive 
frequencies. When Object type of the LLC and the MLC of the Sanders site is compared to the 
98-12-12 site, there are notable differences. The primary is that both the LLC and MLC are 
predominantly made up of Debris, where the 98-12-12 site has a great lack of any. This has been 
explained as due to the screen sorting and subsequent disposal of debris during the excavation of 
the 98-12-12 site. When Debris is discounted from consideration, flakes do account for the 
overwhelming majority of all three assemblages. It is likely quarrying activities occurred often at 
the Sanders site, but the intensity appears to be lower frequencies from the LLC to the MLC. 
 
Figure 35. Distribution of reduction classes for the 98-12-11 and the 98-12-12 sites. Taken from 
McCutcheon et al. 2008, Figure 25. 
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 The second expectation established about the WLT was that there should be higher 
frequencies of bifacial thinning flakes, which are hallmarks of formal tool manufacture 
(Andrefsky 2005). Over time, as the CLT gives rise to higher frequencies of expedient tools, the 
MLC of the Sanders sites would be expected to have lower frequencies of bifacial thinning 
flakes. This does occur within the Sanders assemblage, if in a limited capacity. Proportionally, 
frequencies of bifacial thinning flakes are generally very small for both the LLC and the MLC, 
from 2.5 % to 1.4% respectively. This represents a very small representation of bifacial thinning 
flakes throughout the entire assemblage overall. They make up the smallest Object Type mode 
after bifaces, at around .6% and 1% respectively of the total assemblage. One potential 
explanation for the lack of bifacial thinning flakes is most likely due to the limited sample sizes 
of both lithic components, specifically the LLC. A second explanation is that significant 
frequencies of bifacial production may occur at a different location. This hypothesis appears to 
be supported by the frequencies available in the Reduction Class. When the Debris and Not 
Applicable modes are discounted, the largest filled modes for both the LLC and the MLC are the 
Intermediate and the Initial reduction classes.  Comparatively, the Terminal and Bifacial 
Thinning Flakes prove to be negligible to the total assemblage. There are slight, subtle 
differences discussed for each individual class in the sections above, but comparatively, the 
reduction classes remain relatively consistent over time. Future analysis of the lower components 
with larger sample sizes may be able to better define this trend.  
 In the Sanders site in particular, the consistent utilization of the same local, raw stone tool 
material over time may temper the variability of some of the functional and technological 
frequencies, resulting in a relatively consistent technological organization between the LLC and 
the MLC. The high frequencies of solid inclusions in random distribution patterns and with 
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mottled groundmass within the bogstone cherts make for relatively poor quality raw stone 
material. This is supported by a noted higher frequency of heat treatment used in the processing 
of these bogstone cherts over more homogenous, inclusion free cherts. The heat treatment would 
help increase the predictability of fracture of this material and reduce waste. However, the 
abundance of this bogstone chert may have made the concern of wasted materials a smaller 
consideration. These properties could limit the types and the manufacture process of lithics at 
Sanders.  
When you look at the results of this project, it becomes clear that there is variability 
across the lithic components, but these changes are mostly very subtle. There is no evidence of 
sudden, abrupt differences between the two. Some dimensions prove to have a more significant 
difference, but the overall differences from one component to the next are modest. Of the six 
dimensional comparisons analyzed, all rejected the null hypothesis.  Five out of the six had weak 
to very weak associations, with only the Material Type testing as having a moderate strength 
association between the LLC and the MLC. All of these comparisons were distinct at a 95% 
confidence interval, except for the Thermal Alteration dimension. When looking at the 
Functional codes, three out of four also rejected the null hypothesis. Shape of Wear was the only 
dimension, which proved to be statistically insignificant. Of the statistically significant 
dimensions, they all had weak associations. Weak associations do not mean insignificant, 
however. The strength of association is less, but it is still considered an accepted evidence of 
connection between two populations. When looking at the additional testing of the intersecting 
dimensions, nine out of twelve tests accepted the null hypothesis. The strength of associations 
tested as moderate for the LLC Size versus Thermal, LLC Wear versus Thermal, and the LLC 
Wear versus Thermal. The remaining intersections tested with weak associations. Each of the 
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individual dimensions analyzed in the sections above outline the many varied modes which 
contribute the most significantly to each rejection of the null hypothesis. Unfortunately, none of 
these interactions of dimensions were distinct at a 95% confidence interval. 
At the technological and functional level, there were some general noted differences that 
were apparent in the Sanders between components. There were lower frequencies of artifacts that 
were >1 inch compared to the smaller size classes. The largest difference in the smaller size 
classes occurred within the Intermediate, as well as the Initial reduction trajectory to a lesser 
extent. There is also a lower frequency in the utilization of thermal alteration within the MLC 
compared to the LLC. There is a slightly higher frequency of Non-Lustrous/Lustrous in both the 
initial and intermediate reduction classes.  
With the Use wear dimensions of the assemblage, there is a slightly lower frequency in of 
the presence of worn artifacts within the MLC compared to the LLC. Of the artifacts that did 
show evidence of use wear, there appeared to be a shift to the use of flakes within the Terminal 
mode. These worn artifacts also tended to fall within the >.5 and the >.25 size classes. While 
there was evidence of variability of the modes within each Use Wear dimension for both the 
LLC and MLC, the only real notable and consistent series was of chipping on the angular edge, 
oblique to the y-plane. The Shape of Wear was not tested as statistically significant, but there 
was a higher frequency of the straight mode. If it had tested as significant at a 95% Confidence 
Interval, this would indicate that there was a higher frequency of multi-use patterns on both 
larger and small items to the artifact, as this shape is comprised of both concave and convex 
patterns. However, as it was not significant at the 95% Confidence Interval, it can only be 
suggested. 
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In regards to the raw stone tool material found at the site, the entire assemblage was not 
as consistent as originally presumed between the two lithic components. There was a notable 
lower frequency in the utilization of petrified wood cherts between the LLC and the MLC in 
favor of the bogstone and cherts that are located from up the hill. There is also a small higher 
frequency in the presence of basalts, but the difference in material use is negligible over all. 
While the petrified wood cherts tended to be of better quality over the opaque cherts and 
bogstone cherts found at the Sanders site, there is a noted higher frequency of homogenous, high 
quality cherts that are free of inclusions that has been observed within the MLC. These quality 
stone materials do not exhibit any of the signs of Petrified Wood or Bogstone cherts. When solid 
and void inclusion was present within stone materials, there was higher frequencies Random 
inclusions distribution. Overall, there appeared to be a notably higher frequency in the utilization 
of the local bogstone materials, there was also a notably higher frequency in the utilization of 
higher quality cherts that may or may not be associated with the nearby interbed. From this 
analysis, the general quality of cherts, bogstone cherts, and petrified wood cherts have been 
lower with the higher frequencies of solid inclusions, mottled groundmasses, as well as the 
occasional void inclusion. That means that the higher frequencies in the use of a high quality 
chert may represent an exotic material that was being brought into the region.  
Overall, there were noted higher and lower frequencies within the technological, 
functional, and raw stone tool material properties frequencies between the two lower components 
of the Sanders site. A majority of these differences appear to be directional in nature. Meaning 
that one mode seems to be favored over one or more alternative modes. This meets the 
expectation set for the climatic shift from a cool/dry climate dominated by open woodlands to a 
cool/wet landscape, punctuated by a warm/dry period (Walsh et al. 2015). As climate shifts, 
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environmental conditions and resource availabilities (e.g. availabilities in botanical and faunal 
food and tool resources, availabilities in stone material resources) may also changes. These 
changes would most likely lead to different behaviors in the production and utilization of stone 
tools.  The dominate mode for natural selection would be expected to be directional, with 
increases in specific dimension frequency increasing over time at the expense of others as they 
increase the trait fitness. The changes that were observed at Sanders appeared to fit this mode of 
natural selection, as differences between the LLC and MLC tend to focus on one mode over any 
other. Most of the variability was relatively small, but some larger trends were parsed out in this 
project. Use Wear patterns were one of the few classifications which demonstrated a stabilizing 
natural selection mode. Overall, there was very little difference within the observed Use Wear 
patterns of the LLC and the MLC. However, they were far outweighed by the remaining 
directional shifts in phenotypic trait frequencies over time.  
By looking at the filled class memberships that were shared and unique to each 
component for the Technological, Rock Physical Properties, and the Use Wear classifications, 
additional insight into the variability of the LLC and the MLC assemblages could be made. It 
was already discussed that the general richness of the variability with the Sanders site 
assemblage  is low, with the LLC being even less rich than the MLC.  When analyzed by the 
individual codes, there were some noted patterns that were observable between the LLC and the 
MLC. When looking at the Technological code, all shared codes demonstrated flake fragments 
with no evidence of wear or other modification but did demonstrate some levels of heat 
treatment. Within the unique to the LLC Technology codes, there were two distinct patterns that 
were observable. The first was the presence of multi-directional cores that demonstrate full heat 
treatment. The second was the presence of broken and fragmentary flakes with evidence of 
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intermediate and bifacial thinning reduction with some wear and all levels of heat treatment. 
Within the unique to the MLC Technology codes, the pattern that is observed is that of broken 
flakes that fall within the intermediate and terminal reduction with some wear and some thermal 
alteration present. 
The shared Rock Physical Property classification codes demonstrated an overall mottled 
material with uniform and randomly distributed solid inclusion within opaque and transluscent 
cherts. The LLC did not have any notable high frequencies of unique codes, and there was not 
any obvious patterns of the nine total codes. The MLC, in comparison, demonstrates both 
mottled, inclusion filled opaque cherts and opaque and translucent cherts which demonstrate 
bedding planes and inclusions. There is very little variability within the Use Wear codes and the 
only codes unique to the MLC are those related to the three Cascade projectile points analyzed 
by Garrison (2015). The shared codes demonstrate chipping wear on the angular edge, straight 
shaped wear, oblique to the Y-axis.  
When cross-classification comparisons were made, patterns in the interactions of the 
three classification systems became more apparent for both the LLC and the MLC. The 
comparison of all Technological and Rock Physical Property codes resulted in one clear cell 
which demonstrated the highest frequency. This cell indicated that between the LLC and the 
MLC, the highest artifact frequency was that of flake fragments with some heat alteration on 
bogstone cherts with solid inclusions. This pattern makes a lot of sense actually. The use of heat 
treatment can help increase the predictability of fracture within material that contains large 
quantities of solid inclusions. This specific interaction really helps support interpretations that 
were developed through the individual dimension analyses in the previous section. It can be 
further concluded that the presence of the inclusion filled, mottled bogstone cherts and cherts 
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drove the use of heat treatment within the manufacture process for both the LLC and the MLC. 
The fact that there are higher frequencies in the MLC of homogenous cherts that lack inclusions 
most likely accounts for the lower frequency of the use of heat treatment.  
When the Technology code was compared to the Use Wear codes, flake fragments were 
once again the highest shared object type. The flake fragments demonstrate both some and no 
heat alteration with straight use wear patterns on the angular edge of the artifacts. The fact that 
use wear is present almost equally on flake fragments that demonstrate some form of thermal 
alteration and those that do not gives some indication that waiting for thermal alteration was not 
a deciding factor in which flakes were used as expedient tools. It is possible that flakes were 
selected for opportunistically as need presented itself as established by Nelson (1991). Also, the 
fact that “straight” is the largest use wear shape implies that these flakes have been used upon 
items that are smaller than the tool (convex) and ones that are larger (concave), demonstrating 
multi-use patterns in both components. 
The final comparison looked at the Rock Physical Properties and the Use Wear codes for 
both components. For this cross-classification comparison, the highest frequency was of opaque 
bogstone cherts and translucent cherts with mottled, randomly distributed inclusions with straight 
use wear patterns on the edge of the angular edge. There really does not appear to be much of a 
relationship between the physical properties of the materials that are selected for use as expedient 
tools. Again, it is possible that most of the utilized flakes are opportunistically selected from the 
available materials found at the Sanders site. 
The variability of the lower debitage assemblage of the Sanders site proved subtle, 
making it difficult to derive clear and definitive explanations. However, inter-variables 
comparisons of the dimensions and the filled class memberships allowed for the subtle 
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relationships between different dimensions and modes across the three classifications to become 
more apparent. The following section takes the full scope of the statistical results collected and 
analyzed and seeks to draw final conclusions for this project. It also provides a number of 
recommendations for future research that can build off of the results of this research. These 
recommendations are derived with an intention to help create a regional body of knowledge that 
may be utilized in both future archaeological research projects in the YTC region and Cultural 
Resource Management of lithic scatter and/or lithic quarry sites. 
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CHAPTER VI 
CONCLUSION 
 At the beginning of this thesis, I identified one data gap that has existed in relation to the 
lithic analysis present within the Columbia Plateau. There is a strong bias to analyzing formal 
tools throughout all lithic analysis within the Columbia Plateau, including the WLT and CLT. 
Despite its prominence and abundance in most lithic assemblages, debitage remains 
underrepresented within lithic analysis.  
This thesis aimed to solve the problem by developing a method and technique for 
analyzing the Sanders lower lithic components in an attempt to determine the degree with which 
analysis of debitage could be used to record and interpret variability within lithic technologies 
using an evolutionary archaeological framework. This was attempted by applying an analytic 
procedure with mutually exclusive paradigmatic classifications that were designed to identify 
patterns that may represent selection that lead to changes in technology organization that was 
based within a Darwinian evolutionary framework.  
The success of the method and technique utilized in this project was mixed. The 
paradigmatic classifications were able to successfully address and identify the subtle variability 
between the LLC and MLC of the 45KT315 site. In this way, I was able to identify that there 
appears to be some evidence of frequencies which fall within the expected characteristics that 
one would expect with the presence of WLT beyond the Windust fragment identified in the 
formal tool analysis of Sanders (Garrison 2015). Additionally, component differences were 
somewhat consistent with established expectations of the WLT to CLT transition. I was also able 
to identify that there are predominantly directional shifts, or one dimension demonstrating higher 
or lower frequencies between the LLC and MLC that occur across most dimensions. While these 
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changes are notable, they are too subtle for the concrete identification of any one specific 
selective condition. However, it has been previously established that climate shifts typically yield 
directional changes within lithic industries in a location over time. Additionally, it has also been 
determined that three distinct climatic shifts are known to have occurred within the southern 
Columbia Plateau during this period, each of which would have yielded variable resource 
availabilities. When an analysis of filled classes was conducted the LLC was even less rich than 
the MLC; however, this is may be due to small sample sizes. Resampling results showed that a 
number of dimensions were not representative.  It was through the use of cross-classification 
membership analysis that some specific selective conditions that were identified that could be 
driving the observed variability between the LLC and the MLC.  
These conditions were predominantly in reference to the properties of the raw stone 
materials present within the LLC and the MLC and how the material was subsequently processed 
during the manufacture trajectory. Higher frequencies of high quality cherts appear to be in 
strong correlation to lower frequencies in the use of heat treatment specifically. The selection of 
flakes for expedient tools appears relatively random in comparison with neither rock physical 
properties nor the technological process appearing to be determining factors. It is possible that 
some of these utilized flakes are due to opportunistic behaviors. That being said, Use Wear 
patterns appear stable between the LLC and the MLC with very little variability between the two 
components.  
 It should be noted that the decision to omit the final unit 30 was problematic in the final 
analysis of the lower components of the Sanders. All issues encountered from small sample sizes 
could have been potentially been mitigated by its inclusion. Any future lithic analysis of the 
lower Sanders site components will definitely need to include at least this additional unit.    
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Conclusion and Recommendation 
 Based on the results of this thesis project, there are a number of conclusions that can be 
offered at this time. First, the variability in the technological and functional dimensions of the 
Sanders lower lithic assemblage is subtle generally. These differences were mostly indistinct at a 
95% confident interval. However, more than half of the dimensions rejected the null hypothesis 
when run through a chi-square or log-likelihood test. This rejection of the null indicated 
statistically significant differences between the LLC and the MLC were not due to random 
chance. It should be noted that most of the associations found between statistically significant 
dimensions were often weak in nature. Additionally, any conclusions derived in this analysis 
must acknowledge the lack of representativeness present in many of the dimensions found within 
the LLC. It is likely that the lack of richness in the LLC sample is due to the limited sample size. 
 A second potential conclusion was that the differences which occur from the LLC to the 
MLC are largely directional in nature. The variability and directional shift in the assemblage 
between the two components is more indicative of what would be expected in a changing 
environment. Evidence of the dominance of directional selection as the natural selection mode is 
abundant throughout the many dimensions of the assemblage (e.g., frequencies of thermal 
alteration and worn artifacts, and quality of raw stone tool material) in the form of subtle, but 
distinct differences in the technological and functional phenotypic trait frequency distributions 
between the two components at the Sanders site. Some dimensions remained relatively stable 
between the LLC and the MLC (e.g., use wear patterns), however they not as common as the 
directional changes. These changes over time fall in line with the known, dramatic climatic shifts 
over time that would necessitate advantageous changes in the technological and functional 
dimensions of the potential WLT and potential CLT at the Sanders site. It is for these reasons 
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that environmental conditions appear to be the largest selective condition driving change over 
time at Sanders. Additionally, changing properties of the available raw stone material also 
appears to play a role in the extent of the manufacture trajectory from the LLC to the MLC. 
 Third, this thesis identified the ways that cost and performance variables affected change 
over the LLC and MLC of the Sanders assemblage. It allowed for additional evidence across 
several dimensions of the potential presence of WLT beyond the one diagnostic Windust 
fragment that was already identified. It also confirmed some of the expected changes over time 
from the WLT to a CLT, though these were very subtle changes overall.  
 The following recommendations seek to guide the direction of future lithic analysis at the 
Sanders site specifically and in the Columbia Plateau as a whole. Additional radiocarbon dating 
between the gap in the current established dates in the 9500-4000 BP range could also help 
further lock in the boundaries between the LLC and the MLC of the Sanders site. Specifically, 
more dates and a more intensive analysis by level could help determine depositional rates within 
the site. Secondly, I recommend an analysis of the entire lower lithic assemblage utilizing the 
same method and technique that was used in this project. This would allow for a much more 
concrete analysis of the degree of variability between the potential WLT to the CLT through 
time and would remove the restrictions of small sample sizes. This would also allow a better 
understanding of the shifts in frequencies of the technological, functional, and raw stone tool 
material property dimensions over time at the Sanders site.  
 On a regional scale, I recommend that intra-site comparisons of the like-age debitage 
assemblages located from the YTC should be analyzed utilizing the same method and techniques 
as used in my project. This would help establish a regional baseline for the attributes of the WLT 
and the CLT debitage. It is possible that the technological and functional frequencies observed 
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within the Sanders debitage are unusual for the area. However, until a regional baseline for the 
debitage characteristics as a whole are established, this remains unknown. 
 In summary, this thesis was successful in addressing the data potential of debitage in 
identifying the selective conditions which effect technological organization over time. This thesis 
also demonstrated that a method based in a Darwinian evolutionary framework efficiently 
identified the effect the cost and performance variables had on the Sanders lithic assemblage 
over time. Additionally, it proved essential in avoiding bias and error in lithic analysis. Third, it 
was partially successful in identifying the variability of the technological and functional 
frequencies from the LLC and the MLC of the Sanders site. Sample size and debitage limitations 
most likely impacted the final result of this research. Future analysis of the lower debitage of the 
Sanders site could be better executed with the inclusion of at least four additional units. . In 
combination with unit 30, I would also recommend the inclusion of units 11, 13, 16, and 19 as 
potentially WLT and CLT aged biface and biface fragments were identified from these units in 
Garrison’s (2015) thesis and may potentially offer new insights to the lower debitage of the 
Sanders site. Additional debitage analysis from similarly aged lithic assemblages located within 
the YTC would help establish a regional baseline for the characteristics of debitage, something 
that is currently lacking. These studies would also help yield further insights into the specific 
selective conditions which effect the technological organization of lithic industries over time. 
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APPENDIX A 
MOBILITY AND SUBSISTENCE STRATEGY VERSUS COST AND PERFORMANCE 
Land Use Strategy and 
Mobility 
Expected Assemblage Associated Cost and 
Performance 
Reduced Residential 
Mobility( associated 
with increase in task 
specific toolkits)  
Higher frequency of cortical flakes. 
Less abundant bifacial flaking debris. 
Reduced frequency of bifacial 
thinning flakes to debitage. 
Increased frequency of unprepared 
cores 
Lower ratio of biface fragments of 
debitage. 
Less frequent bifacial tools in 
general. 
Larger and heavier lithic tools. 
Lower edge to mass ratio. 
Less common retouch. 
Reduced number of tool maintenance 
techniques. 
Less tool sharpening 
Less frequent tool recycling. 
 
The reduction of bifacial tools 
indicates the start of the shift 
to more expedient toolkits, 
which bear a lower cost. This 
is supported by the presence 
of less core preparation and 
bifacial thinning flakes. 
However, these lower costs 
are offset by larger lithic tools 
that requires larger raw 
materials to make. Thinner 
edges also tend to reduce the 
durability of a tool in use. The 
decline of retouch and 
recycling also imply a heavier 
cost load in an increase of 
waste materials. 
Reduced Residential 
Mobility (accompanied 
by decreases in territory 
and access to raw 
materials) 
Exchange for raw becomes more 
common. 
Raw material types should become 
more diverse. 
Raw material quality should. 
Intersite variability in raw material 
should decline. 
A former disparity in distance-from-
source between tools and debitage 
should disappear. 
 
Decreased access to raw lithic 
materials increases the cost of 
raw materials in several ways. 
By relying on trade exchange 
for raw materials, the energy 
for acquisition increases. This 
variability and reduction of 
raw material quality raises 
costs by placing limits on the 
tool requirements, raising 
unpredictability of fracture, 
increasing waste of material, 
and potentially creating less 
durable tools.   
Reduced Residential 
Mobility (Increased 
distance from source 
increases conservation ) 
Tertiary reduction to become more 
common and primary reduction less 
common. 
Percussion flakes to decline in 
frequency. 
Shatter to become less frequent.  
Flake weight and size to decline 
Cortex to become less frequent on 
The shift to terminal reduction 
is most likely due to the use of 
preforms and blanks as 
expedient and formal tool 
material. This is backed up by 
the decline of the presence of 
cortex. Reduction of raw 
materials at a quarry site into a 
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flakes. 
Cores to become lighter. 
Retouched tools to increase in 
relative frequency. 
Tool recycling to become more 
common 
Retouch of broken tools 
smaller, more transportable 
format may offset the greater 
distance from raw material 
sources. Less waste of raw 
material in the manufacture 
process and the increase of 
retouched and recycled tools 
and tool fragments also 
contribute to offsetting costs. 
Reduced Residential 
Mobility (tool assembly 
restructuring) 
Assemblage diversity should 
increase. 
Multifunctional tools should become 
less frequent.  
Single purpose tools should 
proliferate. 
The ratio of hafted to expedient tools 
should decline. 
Intersite variability in tool 
assemblage context should increase. 
A shift to single purpose tools 
increases the costs associated 
with manufacture as more 
formal tools are needed to 
accomplish different tasks. 
The costs may also increase 
with the necessity of specific 
raw material properties/forms 
to create certain tools. The 
specialization of tools may 
offset costs however by 
increasing the performance 
and durability of a tool in use. 
Costs are also further offset by 
the continued increase of the 
use of expedient tools. 
Residential sites should 
exhibit 
A lower ratio of utilized to unutilized 
biface fragments. 
Greater biface thickness and weight. 
A higher ratio of proximal to distal 
projectile point fragments. 
A higher ratio of burins and gravers 
to projectile points. 
A higher ratio of bifacial debitage to 
bifacial tools. 
A higher ratio of retouch or notching 
flakes to total debitage. 
A lower ratio to resharpening flakes 
to total debitage. 
A higher ratio of unprepared to 
bifacial cores. 
More often stockpiled raw material 
for tool replacement. 
The shift away from bifacial 
formal tools to more unifacial 
and expedient tools reduces 
the steps involved in the 
manufacturing process, 
lowering associated costs. 
Utilization of biface fragments 
and retouching utilized flakes 
reduce waste of stone tool 
material and further reducing 
costs. The increase of biface 
thickness can also increase the 
performance and the durability 
of tools during use. The 
utilization of stockpiled raw 
materials can reduce potential 
future costs by reducing the 
time and effort required to 
search for tool replacements. 
It potentially may also reduce 
costs associated with quality 
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raw material scarcities in any 
one given area. 
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APPENDIX B 
RESAMPLER RANK CURVES 
Object Type 
 
Lithic 
Component 
Modes 
Filled 
Rank Class Sample Size  Notes 
LLC 7/9 3 281 Combined modes 2-4 into 
one, omitted mode 5. 
 
 
Lithic 
Component 
Modes 
Filled 
Rank Class Sample Size  Notes 
MLC 7/9 1 841 Combined modes 2-4 into 
one, omitted mode 5. 
 
 
 
Cortex 
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Lithic 
Component 
Modes 
Filled 
Rank Class Sample Size  Notes 
LLC 4/4 3 281 All modes were used 
 
 
Lithic 
Component 
Modes 
Filled 
Rank Class Sample Size  Notes 
MLC 4/4 1 841  All Modes were used 
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Platform 
 
Lithic 
Component 
Modes 
Filled 
Rank Class Sample Size  Notes 
LLC 10/12 3 281 Omitted modes 6 
and 8. 
 
 
Lithic 
Component 
Modes 
Filled 
Rank Class Sample Size  Notes 
MLC 10/12 1 841 Omitted modes 6 and 
8. 
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Reduction 
 
Lithic 
Component 
Modes 
Filled 
Rank Class Sample Size  Notes 
LLC 5/6 1 281 Omitted mode 6 
 
 
Lithic 
Component 
Modes 
Filled 
Rank Class Sample Size  Notes 
MLC 5/6 1 841 Omitted mode 6 
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Wear 
 
Lithic 
Component 
Modes 
Filled 
Rank Class Sample Size  Notes 
LLC 2/2 1 281 All modes were used. 
 
 
Lithic 
Component 
Modes 
Filled 
Rank Class Sample Size  Notes 
MLC 4/4 1 841 All modes were used. 
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Other Modification 
 
Lithic 
Component 
Modes 
Filled 
Rank Class Sample Size  Notes 
LLC 3/6 1 281 Omitted mode 6. 
 
 
Lithic 
Component 
Modes 
Filled 
Rank Class Sample Size  Notes 
MLC 3/6 1 841 Omitted mode 6 
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Thermal Alteration 
 
Lithic 
Component 
Modes 
Filled 
Rank Class Sample Size  Notes 
LLC 4/4 1 281 No modes were 
omitted. 
 
 
Lithic 
Component 
Modes 
Filled 
Rank Class Sample Size  Notes 
MLC 4/4 1 841 No modes were 
omitted. 
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Groundmass 
 
Lithic 
Component 
Modes 
Filled 
Rank Class Sample Size  Notes 
LLC 6/6 2 281 Omitted modes 3 and 
6. 
 
 
Lithic 
Component 
Modes 
Filled 
Rank Class Sample Size  Notes 
MLC 6/6 1 841 Omitted modes 3 and 
6. 
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Solid Inclusions 
 
Lithic 
Component 
Modes 
Filled 
Rank Class Sample Size  Notes 
LLC 2/2 1 281 No modes were 
omitted. 
 
 
Lithic 
Component 
Modes 
Filled 
Rank Class Sample Size  Notes 
MLC 2/2 1 841 No modes were 
omitted. 
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Void Inclusions 
 
Lithic 
Component 
Modes 
Filled 
Rank Class Sample Size  Notes 
LLC 2/2 1 281 No modes were 
omitted. 
 
 
Lithic 
Component 
Modes 
Filled 
Rank Class Sample Size  Notes 
MLC 2/2 1 841 No modes were 
omitted. 
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Translucency 
 
Lithic 
Component 
Modes 
Filled 
Rank Class Sample Size  Notes 
LLC 2/2 1 281 No modes 
were omitted. 
 
 
Lithic 
Component 
Modes 
Filled 
Rank Class Sample Size  Notes 
MLC 2/2 1 841 No modes 
were omitted. 
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Material Type 
 
Lithic 
Component 
Modes 
Filled 
Rank Class Sample Size  Notes 
LLC 4/4 1 281 No modes were 
omitted. 
 
 
Lithic 
Component 
Modes 
Filled 
Rank Class Sample Size  Notes 
MLC 4/4 1 841 No modes were 
omitted. 
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Kind of Wear 
 
Lithic 
Component 
Modes 
Filled 
Rank Class Sample Size  Notes 
LLC 4/5 1 281 Omitted modes 2 
and 3. 
 
Lithic 
Component 
Modes 
Filled 
Classification Sample Size  Notes 
MLC 4/5 1 841 Omitted modes 2 and 
3. 
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Location of Wear 
 
Lithic 
Component 
Modes 
Filled 
Rank Class Sample Size  Notes 
LLC  5/8 1 281 Omitted modes 1, 3, 
and 6. 
 
 
Lithic 
Component 
Modes 
Filled 
Rank Class Sample Size  Notes 
MLC 5/8 1 841 Omitted modes 1, 3, 
and 6. 
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Shape of Wear 
 
Lithic 
Component 
Modes 
Filled 
Rank Class Sample Size  Notes 
LLC 6/7 1 281 Omitted modes 5 
and 6. 
 
 
Lithic 
Component 
Modes 
Filled 
Classification Sample Size  Notes 
MLC 6/7 1 841 Omitted modes 5 
and 6. 
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Orientation 
 
Lithic 
Component 
Modes 
Filled 
Rank Class Sample Size  Notes 
LLC 4/6 1 281 Omitted modes 1 
and 4. 
 
Lithic 
Component 
Modes 
Filled 
Rank Class Sample Size  Notes 
MLC 4/6 1 841 Omitted modes 1 
and 4. 
 
 
